


env1ronmen a 
conservo 1on 

The Oil and Gas Industries: An Overview 
National Petroleum Council/1981 

Alton W. Whitehouse, Jr., Chairman, 

Committee on Environmental Conservation 



NATIONAL PETROLEUM COUNCIL 

John F. Bookout, Chairman 
Robert Mosbacher, Vice Chairman 

Marshall W. Nichols, Executive Director 

U.S. DEPARTMENT OF ENERGY 

James B. Edwards, Secretary 

The National Petroleum Council is a federal advisory 
commi ttee to the Secretary of Energy. 

The sole purpose of the National Petroleum Council is to 
advise, inform, and make recommendations to the 
Secretary of Energy on any matter requested by the 
Secretary relating to petroleum or the petroleum 
industry. 

All Rights Reserved 
Library of Congress Catalog Card Number: 81-86073 

© National Petroleum Council 1 98 1 
Printed in the United States of America 



Table of Contents 
Page 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Findings and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Summary of Costs-Past and Future . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Chapter One: General Considerations Regarding Environmental Conservation 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .  9 
U.S. Energy and Petroleum Supply/Demand Projections .... . .. . . . . .. . . . . . . . . ... . . . . . . . . . . .. 9 
Legislative and Regulatory Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7  
Costs of Environmental Controls to the Petroleum Industry . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .  27 
References and Notes . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 

Chapter Two: Petroleum Industry Operations and the Environment 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 
Exploration and Production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . .  43 
Refining . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 
Storage, Transportation, and Marketing . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 
Product Use . .. . .. . . . . . .. . . . . .. . . . . . .. .. .. . . .. . . . . . . . . . . . .. . .... . . . . . . . . . . . ......... . .. .. 6 1  
Fate and Effects of Spills . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64 
Energy Facility Siting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , ..................... 72 

Chapter Three: Other Issues of the 1980's 

Acid Rain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 
C02 "Greenhouse" Effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 
Indoor Air Pollution . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 
National Ambient Air Quality Standards . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .  78 
References .............................................................................. 80 

Appendices 

Appendix A: 

Appendix B: 
Appendix C: 

Appendix D: 
Appendix E: 

Appendix F: 

Request Letter, Description of the NPC, 
and NPC Membership Roster . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .  A-1 

Committee and Task Group Rosters . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-1 
Environmental and Resource Conservation Laws Enacted by 

Congress, 1 970-1 980 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-1 
Summary of Comments on Synthetic Fuels and the Environment . . . . . . . . . . .  D-1 
Executive Summary, U.S. Arctic Oil and Gas (prepared by the 

NPC Committee on Arctic Oil and Gas Resources) . . . . . . . . . . . . . . . . . . . . . . .  E- 1 
Acronyms and Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F-1 



Introduction 

At the request of the Secretary of Energy, 
the National Petroleum Council (NPC )  under­
took this comprehensive study, which updates 
the Council's 1 97 1  report, Environmental 
Conseroation-The Oil and Gas Industries. In 
his request, the Secretary stated that "special 
emphasis should be placed on determining the 
environmental problems that are most serious 
and the impact of current environmental 
control regulations on the availability and cost 
of petroleum products and natural gas." (See 
Appendix A for the Secretary's request letter 
and a description of the NPC. )  

To respond to  the Secretary's request, the 
Council established the NPC Commi ttee on 
Environmental Conservation under the chair­
manship of Alton W. Whi tehouse, Jr., Chair­
man of the Board and Chief Executive Officer. 
The Standard Oil Company (Ohio) .  Han. Wil­
liam A Vaughan, Assistant Secretary for 
Environmental Protection, Safety. and Emer­
gency Preparedness, U.S. Department of 
Energy. was designated Government Cochair­
man of the Committee. The Commi ttee was 
assisted by a Coordinating Subcommittee and 
five task groups: air quali ty, water quality, 
land use, hazardous wastes, and synthetic 
fuels. (See Appendix B for the organization 
chart and Committee and subgroup rosters) .  

The study is presented in two parts. This 
volume represents an overview of the environ­
mental considerations of oil and gas opera­
tions and petroleum product use. These 
considerations are d iscussed in more detail in  
a report expected to be  published by the 
Council in mid- 1 982. 

The Secretary concurrently requested the 
Council to undertake a study of the major 
issues relating to the development of U.S. 
Arctic oil and gas resources. The environmen­
tal assessment for the Arctic study was critical 

to both study efforts and was coordinated 
between both studies. The Executive Summary 
of the NPC's 1 98 1  report. U.S. Arctic Oil and 
Gas. is contai ned in  this report as Appendix E. 
The complete report is available from the 
National Petroleum Council. 

It  is appropriate that the Council update 
the petroleum i ndustry's environmental con­
siderations and concerns at this time. The 
cli mate under which the petroleum i ndustry 
operates today has changed dramatically i n  
the 1 0  years si nce the NPC last reported on 
environmental conservation:  

• The energy supply/demand balance has 
shifted significantly, and there is a newly 
recognized need for energy securi ty. Ach iev­
i ng energy securi ty requires that environ­
mental concerns be balanced against the 
need to develop domestic energy supplies. 

• For the rest of this century i ncreasi ng 
emphasis will be placed on the development 
of non-oil and non-gas resources, such as 
coal,  nuclear, and synthetic fuels. As a 
result, environmental considerations should 
recognize the changing mix of energy 
supply. 

• The petroleum industry has made substan­
tial progress in environmental conservation 
in the past decade, and the major environ­
mental concerns perceived in the 1 970's as 
arising from the i ndustry are now vastly 
diminished because pollution sources are 
under effective control. 

• Many of the environmental control strate­
gies in place today are based in large part 
on environmental legislation and regulation 
written during the 1 960's and 1 970's. A 
re-exami nation of these control strategies is 
appropriate, as some may place unnecessary 
constraints on domestic energy 
development. 
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The objectives of this report are twofold: 
First. to describe current industry operations 
and explain the facilities and procedures that 
are used to protect the environment; and 
second, to focus attention on the specific areas 
of environmental law and regulation that have 
directly affected the availability and cost of 
petroleum products and natural gas. 

It is the Council's desire to respond 
positively to the Secretary's request. While a 
number of sections may appear to criticize or 
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condemn the key environ mentally oriented 
laws that have been enacted during the decade 
of the 1 970's, many of the laws and regula­
tions discussed in the report are in large part 
clearly useful and worthwhile. The Council's 
comments in this regard are intended to be 
constructive and to express the Council's 
concern for the high degree of complexity and 
uncertainty, and the potential for long delays 
that impede the achievement of balance 
between the national goals of energy develop­
ment and environmental protection. 



Executive Summary 

Findings and ConcbJJ.sio:n.s 

The Council, i n  respondi ng to the Secre­
truy's request, sought to identify those envi­
ronmental issues that will be the focus of 
continued debate and research in  the decade 
of the 1 980's. The Council also exami ned the 
impacts of the petroleum industry on the 
environment, and the impact of environmental 
legislative, regulatory, and administrative 
actions that adversely affect the cost or 
availability of petroleum products, natural gas, 
and synthetic fuels. The findings and conclu­
sions reached through this analysis are sum­
marized below. These issues and impacts are 
discussed in more detail in the following 
chapters. 

Significant Environmental Issues 
of the 1980's 

The following significant environmental 
issues must be resolved promptly as the 
nation seeks in the 1 980's to balance the goals 
of energy supply and security with the goals of 
environmental quality. 

• Access to federal lands for the purpose of 
resource assessment and possible future 
development 

• Delay and uncertainty caused by the com­
plexity of regulatory requirements, including 
permitting procedures, the number of 
government authorities involved, and the 
opportunities for legal intervention by third 
parties 

• Siting of energy facil i ties, especially produc­
tion and transportation facili ties, that are 
determined by the location of natural 
resources 

• Incorporation of scientifically acceptable 
techniques i n  setting standards, such as 
National Ambient Air Qual i ty Standards 
( NAAQS ) and water quality standards 

• Siting and operation of facili ties for hazard­
ous waste management 

• The ecological and public health effects of. 
and the control strategies for, the synfuels 
industry. 

There are also a number of issues whose 
causes are not clearly defined and which are 
affected by many factors and industries, of 
which the petroleum industry is only one. 
These issues are: the ecological and public 
health effects of, and the control strategies for, 
acid rain; the C02 "greenhouse" effect; ground­
water contamination; and indoor air pollution. 

To achieve a satisfactory resolution of 
these issues will require not only the full 
cooperation of government, industry, and pri­
vate citizen groups. but also a commitment to 
research activities, especially by government 
and i ndustry segments, that will quantify the 
impacts, clarify the issues, and determine 
appropriate solutions to the problems 
identified. 

Industry Impact s  on the Environment 
As part of its effort to "determine the 

environmental problems that are most 
serious" as requested by the Secretary of 
Energy, the Council exami ned i mpacts of the 
petroleum i ndustry on the environment. These 
impacts are a function of the industry's 
operations (exploration and production; refin­
ing: and storage. transportation, and market­
ing) as well as the use of its products. The 
Council's findings with respect to the i ndus­
try's conventional operations and the projected 

3 



synfuels ind ustry's operations are summarized 
below: those resulting from product use are 
discussed i n  Chapter Two. 

Conventional Oil and Gas Operations 

1 .  Impacts on the envi ronment from current 
and projected routine conventional petro­
leum i ndustry operations are largely known 
and con trolled. Duri ng the past decade the 
industry has made significant progress in  
red uci ng i ts impacts on the environment: 
however. certai n long- term possible i mpacts 
on the envi ronment are still bei ng 
investigated. 
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• Petroleum industry operations emissions 
represent only a small fraction of national 
air emissions. For example. petroleum 
refi ning emissions represent only 0.9 
percent of the nation's carbon monoxide 
(CO ) emissions. 0.5 percent of total sus­
pended particulates (TSP). 2.8 percent of 
sulfur dioxide ( S0 2) .  1 .5 percent of n itro­
gen oxide ( NOxl  and 3.9 percent of 
volatile organic compounds (VOC ) .  In 
addit ion. wi thin the refining sector. sig­
nificant reduct ions in  ai r emissions per 
barrel of crude oil run were ach ieved 
duri ng the last decade: e.g., a decrease of 
68.6 percent i n  CO. 47.2 percent i n  TSP, 
1 9.4 percent in S02. 1 9.3 percent i n  NOx. 
and 2.0 percent in VOC. 

• Prevention of Significant Deterioration 
( PSD) requirements. nonattai nment area 
restrictions, New Source Performance 
Standards ( NSPS ), and provisions for 
detailed pre-construction review of all 
major stationary sources of air emissions 
provide the regulatory framework for 
controll ing air emissions. 

• The refi ning i ndustry has achieved a 
greater than 9 1  percent reduction i n  the 
discharge of conventional water pollu­
tants from 1 967 to 1 979. Additional data 
indicate that nonconventional pollutants 
are well controlled and that the existing 
Best Practicable Control Technology 
(BPT) treatment systems remove toxic 
pollutants to levels barely detectable by 
the modern analytical techniques. where 
they are found at all .  

• The National Pollutant Discharge Elimi­
nation System ( NPDES) Permit Program 
provides regulatory authori ty for con trol­
l ing discharges to receivi ng waters. 

• Current industry practices demonstrate 
that significant i mprovements in the 
treatment  and disposal of industry­
generated wastes have occurred. 

• The Resource Conservation and Recovery 
Act of 1 976 ( RCRA) provi des for regula­
tion of the d isposal of hazardous wastes. 

e Effects of trace toxic materials in ai r and 
water are s t ill being evaluated. 

• Past operations and practices that had 
caused or contributed to adverse envi ron­
men tal impacts have been largely 
replaced by improved tech nology and 
engi neeri ng. 

• Permitted operational discharges occa­
sionally create minor localized effects. but 
such discharges cause only negl igible 
overall environmental impacts. 

• Some long-term possible problems. such 
as acid rain  and the CO 2 "greenhouse" 
effect. are not ye t understood well enough 
to determi ne i mpacts or to establ ish fi nal 
control strategies. 

2. Accidental releases of oil and hazardous sub­
stances from conventional and routine petro­
leum industry operations usually do not 
constitute an irreversible or serious long-term 
environmental hazard. 

• Major oil spills are more l ikely to occur i n  
the open ocean. The dilution potential of 
the open sea and the dispersion. weather­
i ng, and loss of toxic consti tuents, pri­
marily to the atmosphere. make i t  
i mprobable that oils spilled i n  deep-sea 
areas could reach bottom-dwelling (ben­
thic) marine l ife, much less in  toxic 
amounts. Most oil spills, even those 
i mpacting coastal areas, have not had 
serious long-term effects. Recovery has 
been rapid in most situations, particu­
larly i n  relation to marine productivity 
and populations. 

• Studies following the 1 970 Chevron Main 
Pass Block 4 1  spill in the Gulf of Mexico, 
the 1 977 Ekofisk oil spill in the deeper 
waters of the North Sea, and even the 
very large oil discharge from the lxtoc 
blowout in the Bay of Campeche in 1 979, 
indicate that these spills appear to have 
few or no significant adverse effects i n  
offshore waters. 

• Oil spills create a variety of severe 
short-term i mpacts. which can affect 
commerce, areas of habitation, recreation. 
and shorelines. particularly when spills 
occur in  near-shore waters. Near-shore 
spills and their resulting "chocolate 
mousse" emulsions can create unsightly 
messes on beaches and shorelines, cause 
conspicuous casualties among sea birds, 
and kill benthic organisms. Especially 



sensi tive to short-term effects are near­
shore ecosystems such as coral islands. 
salt marshes. and mangrove 
communities. 

• Hazardous substance spills do occur occa­
sionally and in some cases cause serious. 
but temporary. localized effects. Very few 
materials on the Environmental Protec­
tion Agency ( EPA) hazardous substance 
list are used in the petroleum industry. 
These materials are handled with care. 
and spills in excess of the appropriate 
reportable quantity are rare. When opera­
tional spills do occur they are typically 
contai ned wi thin tank di kes or removed 
duri ng wastewater treating operations so 
that actual harmful releases to navigable 
waters are minimal . 

• Gasoline leaks from service station 
underground tanks and piping occur 
throughout the industry and have the 
potential for serious harm to people, 
property. and the environment. 

3. Groundwater contamination can create 
serious local problems. and further defini­
tion of the extent and degree of risk is 
required. 

• The petroleum i ndustry is only one of 
many industries that are concerned with 
this problem. Nationwide, the extent and 
risk presented by groundwater contami­
nation from all sources is still being 
investigated. The prevention and control 
of groundwater contami nation are regu­
lated under the Safe Drinking Water Act 
and RCRA. as well as many i ndividual 
state programs. 

• Within the petroleum i ndustry. controls 
are in place to protect groundwater from 
the reinjection of produced waters from 
exploration and production operations. 
underground cavern storage of petroleum 
products. and for the detection and 
cleanup of spills and leaks from petro­
leum facilities, especially pipelines and 
service stations. 

Synfuels Operations 

The projected synthetic fuels i ndustry 
operations. when assessed on a site- and 
process-specific basis, are not expected to pose 
a major threat to the environment. This does 
not imply that the potential for some long­
term chronic effects or regional scale problems 
has been eliminated. As the industry enters 
the commercial development stage, more oper­
ational data together with the existing 
research and development and pilot stage 

information. will be available for environmen­
tal evaluation and any necessary additional 
control strategies. In addition. many aspects of 
the developing synfuels i ndustry are common 
to conventional technologies. e.g . .  mining and 
refining. Environmental effects of synfuels 
development will continue to be evaluated. and 
areas of concern that will receive special 
attention are: 

1 .  Water Quality and Water Availability 

• Evaluation of the impact of mining 
activi ties on aquifers 

• Impact of waste d isposal areas on 
groundwater 

• Long-term effects of leachate from in situ 
and modified in s i tu shale oil  production 

<D Water resource development and 
availability. 

2. Air Quality 

* Effect of fugitive d ust. 

3. Solid Wastes 

® Management and disposal of large quan­
tities of sol id wastes. 

4. Land Use 

• Closure. revegetation. and/or reclamation 
of affected land areas. 

5. Health and Product Safety 

® The toxicological and ecological proper­
ties of synthetic fuels. intermediates and 
by-products, and wastes. 

6. Other 

• Socio-economic impacts of synthetic fuel 
resource development 

e Identification of special problems from 
accidental releases of synthetic fuels 
products. 

Environmental Legislat ive, Regulatory, 
and Administ rat ive Act ions That 
Adversely Affect the Cost or Availability 
of Petroleum Products, Natural Gas, and 
Synfuels 

The Council also examined the impact of 
envi ronmental legislative, regulatory. and 
administrative actions that adversely affect the 
cost or availability of petroleum products, 
natu ral gas. and synfuels. The Council's find­
ings are summarized below. 

1 .  Land Use 

• Past failures to adequately lease offshore 
government lands have delayed resource 
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assessment. exploratory drilling, and pro­
duction. Wi thdrawals and extended clas­
sification determinations of onshore 
government lands have also inhibited 
resource assessment and potential devel­
opment of such areas. 

• Coastal Zone Management (CZ M )  consis­
tency review results in delays of leasing 
and exploration activities. 

• The designation of Marine Sanctuaries 
can prevent oil and gas activity in or near 
designated sanctuaries. 

e The Endangered Species Act can prevent 
or delay development of energy and water 
resources. 

2. Air Quality 
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e PSD increments limit allowable new 
growth, especially in or near Class I areas. 

e Construction of modified refining and 
new transportation and production facili­
ties in nonattainment areas may be 
banned if the State Implementation Plans 
(SIPs)  are not approved. 

• There is an insufficient pool of offsets in 
some nonattai nment areas to meet permit 
requirements for new or modified sources 
of emissions. 

® The application of Class I visibility pro­
tection criteria to adjacent areas, as 
embodied in the i ntegral vista concept. 
can restrict resource development. 

• Outer Continental Shelf (OCS)  air regula­
tions pertaining to attainment, and PSD 
increments could inhibit OCS oil and gas 
development. 

" Lack of guidance in determination of 
Best Available Control Technology (BACT) 
and Lowest Achievable Emission Rate 
(LAER), and the frequent disagreement 
between and among federal, state, and 
local agencies and the industry over the 
level of controls contribute to delays in 
processing and issuing permits. 

• Monitoring and data gathering regulatory 
requirements are frequently excessive, 
costly, and time-consuming; in combina­
tion, these requirements can result in 
lengthy delays of new and expanded 
energy sources. 

• Modeling requirements are expensive and 
time-consuming, and, more importantly, 
the air quality predictions are usually 
conservative. They can lead to delays and 
costly restrictions on new and modified 
sources that may be unnecessary to 
protect air quality or achieve environmen­
tal benefits. 

• Automotive exhaust emission restric­
tions, particularly those that prevent the 
use of alkyl lead compounds in automo­
tive fuels, reduce the amount of transpor­
tation fuel that can be obtained from a 
given quantity of crude oil. 

• Restrictions imposed by many local juris­
dictions on the sulfur content of petro­
leum fuels have changed supply patterns 
for heavier fuels in particular and have 
increased the price for suitable fuels in 
low-sulfur fuel regions. 

• Guidance documents prepared by EPA, 
such as the Control Techniques Guide­
lines, have been interpreted all too often 
to be standards or regulations by the 
states or EPA regions. This has frequently 
led to more stri ngent regulations and/or 
permit l imits on industry, with resulting 
higher costs, than were necessary to 
satisfY air quality requirements. 

3. Water Quality 

e Unreasonable delays in issuance of 
NPDES permits for oil and gas explora­
tory drilling operations in almost every 
offshore area of the United States have 
raised compliance costs and delayed 
efforts to find oil and gas. The EPA's 
recently initiated policy on issuing gen­
eral NPDES permits could alleviate the 
delay problem. 

• Present wetlands policy has delayed issu­
ance of dredge and fill permits by the U.S. 
Army Corps of Engineers. 

• The EPA policy of effectively requiring 
state agencies to adopt the EPA water 
qual ity criteria as state standards fre­
quently could place u nrealistic l imits on 
wastewater discharges from both new 
and existing facilities. The EPA water 
quality criteria on some toxic pollutants 
are based on very limited data and some 
criteria are below the detection limits of 
current analytical techniques. 

" Failure of EPA to issue petroleum refin­
ing effluent guidelines within the dead­
lines set by court order and statute has 
introduced uncertainty into the regula­
tory process. This unce rtainty exacer­
bates the problems faced by refiners who 
need sufficient lead time to design and 
i nstall wastewater treatment equipment 
to comply with the July 1 ,  1 984. deadline. 
especially if additional equipment is 
necessary. In addition, EPA's proposed 
guidelines are overly severe and fail to 
consider i ndustry progress and perfor­
mance in water pollution control. 



4. Hazardous Wastes 

• Regulation of hazardous waste and waste 
management facili ties has not been based 
on the degree of hazard presented to 
human health and the environment by 
the specific wastes being stored. As a 
result. unduly restrictive and costly mea­
sures may be required. 

• Complex technical and societal problems 
of siting new hazardous waste manage­
ment facil i ties will hamper the nation's 
abil ity to adequately dispose of i ts waste. 
If  local si tes are unavailable. transporta­
tion of hazardous wastes to remote sites 
will be costly and may present a greater 
risk to the environment. 

Summary of Costs-Past and Flllture 

Costs of environmental regulations to the 
petroleum i ndustry have been in the past and 
will be in the future a significant component 
of industry expenditures. Expenditures to 
protect environmental qual i ty and human 
health are recognized to be a necessary cost of 
doing business. It is  also i mportant to recog­
nize. however. that environmental standards 
more stringent than those necessary to protect 
the environment and human health i mpose 
higher industry capital and operating costs 
and, ultimately, higher product costs to the 
consumer. Cost is, of course, j ust one of the 
factors in the achievement of a balance 
between environmental protection and energy 
development and security. 

In part. these higher costs result from 
overly conservative and protective control 
strategies. some of which are not based on 
valid scientific studies that have been subject 
to peer review. The Council believes that a 
better balance is needed. and that control 
strategies should be developed based on valid 
scientific studies that have been subject to 
peer review. 

In addit ion to these higher identified costs 
are the significant. but difficult to quantify, 
"costs of delay" that result from delays in the 
permitting process. The Council believes that 

steps are needed to improve the permitt ing 
process in order to facili tate domestic oil and gas 
resou rce development.  

A recent petroleum industry expendi ture 
survey ( representing 70 percent of refining 
capacity) by the American Petroleum Institute 
(API ) indicates that expenditures for envi ron­
mental protection during the 1971-1980 
period totaled $21.1 bill ion as spent. A 1980 
Battelle study forecasts the capital expendi­
tu res of the conven tional petroleum industry 
for envi ronmental protect ion (excludi ng the 
impact of RCRA) to be $57 billion ( constant 
1979 dollars ). for the 1970-1990 period. with 
annual operating costs of about $6 billion 
(constant 1979 dollars ) per year in the lat ter 
half of the 1980's. For addi tional details and a 
breakdown of the expenditures. see Tables 6 
through 14 i n  C hapter One. 

In order to put these expenditures and 
forecasted costs in perspect ive. Table 15 of 
C hapter One shows the esti mated incremental 
envi ron mental control expenditures for both 
the publ ic and private sectors in the United 
States for the 1979-1988 peri od. as projected 
by the Council on Envi ronmental Quality in 
1980. Duri ng the 10 years from 1979 through 
1988. total spend i ng i n  response to t he federal 
environmental qual i ty regulations is expected 
to reach $518.5 bill ion. 

The esti mated breakdown of th is spending 
by envi ronmental program is presented below: 

® A i r-$300 bill i o n  (58 percent)  

® Water-$170 bill ion (33 percent)  

® Land H.cclamation-$15.3 billion (3 percent)  

® Hazardo us Waste Management -$15.4 bil-
lion (3 percent) 

& Control of I lazardous Substances-$8. 2 b i l -

lion (2 peiTent) 

® Noise Control-$6.9 billion ( 1 percent). 

These levels of envi ro nmental expenditures by 
the pe troleu m ind ustry as well as o t her public 
and private segments within the United States 
evidence a conti n u i ng commi tment t o  environ­
mental quality. 
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Chapter One 

General Considerations Regarding 
Environmental Conservation 

Introduction 

Before examining the issues concerning 
the petroleum i ndustry and the environment. 
it  is helpful to place into perspective the future 
direction of the industry. The volume and 
components of energy production and con­
sumption have a direct bearing on the nature 
and extent of the environmental protection 
mechanisms necessary. 

Some of the basic environmental laws 
were passed in the 1 960's and early 1 970's, 
when the price of crude oil was extremely low 
and the domestic economy and energy con­
sumption were believed to be continuing to 
expand unchecked. In addition. state and local 
governments were experiencing difficulties in 
meeting their consti tuents' needs resulting 
from that growth. A national concern devel­
oped that state and local government enti ties 
could not properly manage the complex 
responsibili ties of envi ronmental protection. 
that federal protection and standards were 
required. and legislation to that effect was 
enacted. 

The energy demand growth expectation 
was linked directly to the expected Gross 
National Product (GNP) growth, with some 
early 1 970's estimates projecting that 1 985 
U.S. energy consumption would be as high as 
1 30 quadrillion Btu's. (Current estimates are 
on the order of 83 quadrillion Btu's or less. ) 
High energy consumption projections imply 
higher levels of emissions. 

The early 1 970's energy projections were 
proven wrong by events of that decade. Figure 
1 compares the actual energy consumption 
during the 1 970- 1 980 period with energy 
demand forecasts prepared by the NPC at the 

beginning, mid-point. and end of the decade. 
The Organization of Petroleum Exporting 
Countries crude oil price i ncreases and the 
embargo of 1 973- 1 97 4 by the Arab member 
countries, together with the cutoff of Iranian 
imports i nto the United States in December 
1 978 and other economic and pol itical events. 
dramatically altered the energy consumption 
patterns in the United States and changed the 
public perception of energy and i ts position in 
the economy. 

To place the petroleum industry's future 
contributions to U.S. energy supply in per­
spective, a brief summary of a recent 
supply/demand projection through 1 990 is 
presented. Following that section is  a history 
and description of the major envi ronmental 
laws concerning the oil and gas i ndustry and a 
discussion of the costs of environmental 
control to the petroleum i ndustry. 

U.S. Energy and Petroleum 
Supply /Demand Projections 

The following projections were drawn from 
the Low Demand Case of the NPC's 1 980 
report. Refinery Flexibility. These projections 
present the "adjusted average" balances of the 
lowest quartile responses to a 1 980 NPC 
survey of 35 organizations that regularly 
prepare such forecasts. The NPC believes that 
these projections present a representative 
assessment of the trend of future energy 
supply/demand i n  this country. although 
many observers of the energy situation are 
projecting even lower levels of U.S. energy 
demand in 1 990. 

U.S. Total Energy Consu mption 
During the decade of the 1 980's, U.S. 

energy consumption is expected to experience 
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a 1 .5 percent annual rate of growth. while 
comparable real GNP growth is expected to be 
2. 1 percent per year. During the 1 960's and 
1 970's the annual average increase in con­
sumption was 4.2 percent and 1 . 3  percent. 
respectively. with annual average GNP growth 
of 3.8 percent and 3.3 percent. Total U.S. 
energy consumption is expected to i ncrease 
from 76.3 quadrillion Btu's i n  1 980 to 88.6 
quadrillion Btu's in 1 990. Figure 2 and Table 

1 0  

1 present these data. as well as the historical 
and projected total energy consumption per 
dollar of real GNP. 

Figure 3 and Table 2 present a compari­
son of U.S. energy consumption by type of 
energy. Oil and gas combined are expected to 
constitute a declining absolute volume. as well 
as a decreasing percentage of the projected 
total U.S. energy consumption. Thus. the 
projected consumption of oil and gas is 
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TABLE 1 
U.S. ENERGY CONSUMPTION AND GROSS NATIONAL PRODUCT* 

Actual  1 960 Data 
Actual 1 970 Data 
Actual 1 980 Data 
1 985 Projection 
1 990 Project ion 

Actual 1 960-1 970 Data 
Actual 1 970-1 980 Data 
1 980-1 985 Project ion 
1 985-1 990 Projection 
1 970-1 990 Project ion 

Total Energy 
(Quadrillion Btu's) 

44. 1 0  
66.83 
76.26 
82.92 
88.59 

GNP 
(Billion 1972 Dollars) 

737 
1 ,075 
1 ,481 
1 ,630 
1 ,820 

Annual Growth Rate (Percentage) 

4.2 
1 .3 
1 .6 
1 .3 
1 .4 

3.8 
3.3 
1 .9 
2.2 
2.7 

• Actu al  energy consu m pt ion d ata from Energy I nformation Adm i n i strati o n ,  1980 A nnual  Report to Congress, Vo l u me I I . 
Actual  G N P  data from U.S. Department  of Com merce, Burea u of Economic  Ana lys i s. Projected data from Natio n a l  Petro l e u m  
Coun c i l, Refinery Flexibility, 1980. 

expected to decline by 2.4 percent i n  this 
decade, compared to the 58.3 percent i ncrease 
from 1 960 to 1 970 and the 6.4 percent 
increase from 1 970 to 1 980. The percentage of 
oil and gas consumption to total energy 
consumption is also expected to decli ne in this 
decade, from 7 1 .6 percent of total energy 
consumption in 1 980 to 60. 1 percent in 1 990. 

U.S. Petroleum Supply 

Figure 4 and Table 3 compare the supply 
projections of domestic liquids production 
(crude oil and condensate and natural gas 
liquids) with petroleum imports to 1 990. The 
1 980 NPC survey indicated that conventional 
liquids production is projected to decline 
sharply. from 1 0.2 million barrels per day 
(MMB/D) in 1 980 to 8.5 M MB /D in 1 990. 
Synthetic crude oil production is projected to 
increase from zero in 1 980 to 0.5 MMB/D 
in 1990. 

Total U.S. imports (crude and unfinished 
oils, and finished products and natural gas 
liquids) are expected to i ncrease from 6.8 
MMB/D in 1 980 to 7.5 MMB/D by 1 990, with 
approximately the same crude oil/product 
proportions as in 1 980-three-quarters crude 
oil, one-quarter products. 

1 2  

U.S. Petroleum Demand 
The projected 1 990 total U.S. petroleum 

demand presented in Figure 5 and Table 4 
reflects the conservation of resources and the 
shift in energy raw materials resulting from 
the poli tical and economic events of recent 
years. Total U.S. petroleum demand is expected 
to remain fairly constant. although the econ­
omy as measured by the GNP is expected to 
grow. The demand will decrease from i ts 
peak of 1 8.8 M MB/D in 1 978 to 1 6.8 M M B/D 
in 1 990. 

The most significant decli ne in the outook 
for future U.S. product demand occurs in the 
demand for residual fuel oil, which is expected 
to decrease approximately 44 percent over the 
next decade. While the amount of h igh-sulfur 
residual fuel oil as a percentage of total 
residual fuel oil demand is expected to 
increase by 2 percent, the absolute volume is 
virtually half of the 1 980 level. 

Also, demand for middle distillates (kero­
sine and heating oil No. 1 .  kerosi ne-type jet 
fuel. and distillate fuels) is projected to remai n 
essentially constant over the decade: motor 
gasoline demand is expected to decrease from 
a high of 7.4 M MB/D in 1 978 to 6.0 M MB/D 
in 1 990, of which only 0.5 M MB/D is antici­
pated to be leaded. 
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TABLE 2 

U.S. ENERGY CONSUMPTION-196D-1990* 

Actual Percentage Actual Percentage Actual Percentage Projected Percentage Projected Percentage 
1 96ot of Total 197ot of Total 1 98ot of Total 1985t of Total 199ot of Total 

Petroleum 20.0 45.3 29.5 44.2 34.2 44.8 34.9 42. 1 33.7 38.0 
Natural Gas 1 2.4 28. 1 21 .8 32.6 20.4 26.8 1 9.5 23.5 1 9.6 22. 1  

-- -- -- -- -- -- -- -- -- --
Subtotal 32.4 73.4 51 .3 76.8 54.6 71 .6 54.4 65.6 53.3 60. 1 

Coal 1 0. 1  23.0 1 2.7 1 9.0 1 5.7 20.6 1 9.5 23.5 24.2 27.3 
Nuclear 0.0 < 1  0.2 <1 2.7 3.5 5.3 6.4 7.0 7.9 
Hydro and Other 1 .6 3.6 2.6 3.9 3.2 4.2 3.6 4.3 4. 1 4.6 

-- -- -- -- -- -- -- -- -- --
Total 44. 1 1 00.0 66.8 1 00.0 76.3 1 00.0 82.9 1 00.0 88.6 1 00.0 

*Actual data from Energy Information Adm i nistration, 1980 Annual Report to Congress, Vol ume I I . Projected data from National Petroleum Counci l ,  Refinery Flexibility, 
1980. Totals may not add due to rounding.  

tOuadri l l ion Btu's. 
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TABLE 3 
U.S. PETROLEUM SUPPLY* 

(MMB/D) 

Actual Projected 

1960 1970 1980 1985 1990 

Domestic Production 
Crude Oil and Condensate 7.1 9.6 8.6 8.0 7.5 
NGL 0.9 1.7 1.6 1.2 1.0 
Syncrude Production 0.0 0.0 0.0 0.1 0.5 

Subtotal 8.0 11.3 10.2 9.4 9.0 

Imports 

Crude and Unfinished Oils 1.0 1.3 5.2 6.0 5.7 
Products and NGL 0.8 2.1 1.6 1.7 1.8 

Subtotal 1.8 3.4 6.8 7.7 7.5 

Processing Gain 
and Stock Change 0.2 0.3 0.6 0.5 0.5 

Total Petroleum Supply 10.0 15.0 17.6 17.6 17.0 

• Actual data from Energy Information Administration, 1980 Annual Report to Congress. Volume II. Projected data from 
National Petroleum Council, Refinery Flexibility. 1980. Columns may not add due to rounding. 
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TABLE 4 

TOTAL U.S. DEMAND FOR PRODUCTS-1960-1990* 
(MMB/D) 

Actual Projected 

1960 1970 1980 1 985 1990 

Motor Gasol ine 4. 1 5.8 6.9 6.5 6.0 
Jet Fuel 0.3 1 .0 1 . 1  1 . 1  1 .2 
Disti l late Fuel Oi l 1 .9 2.5 3.0 3.4 3.5 
Residual Fuel Oi l  1 .5 2.2 2.5 2.0 1 .4 
Other 2.2 3.2 3.5 4.4 4.7 

Total Domestic 
Demand for 
Products 1 0.0 1 4.7  1 7.0 1 7.4 1 6.8 

*Actual  data from Energy I nformat ion Ad m i n i stration, 1980 A nnual Report to Congress, Vol u m e  I I . P rojected data from 
Nat ional  Petro l e u m  Cou n c i l ,  Refinery Flexibility, 1980. 

Legislative and Regullatocy 
Considerations 

During the 1970's, government laws and 
regulations at all levels (federal, state, and 
local) placed an extraordi nary number of 
constraints on the petroleum i ndustry as well 
as on all the basic industries i n  the national 
economy. Those key laws that have a major 
impact on the petroleum i ndustry are dis­
cussed below, as are the pri ncipal interna­
tional marine conventions to protect the 
environment. 

Nat ional 

No other domestic policy challenges of 
recent times have been addressed by all levels 
of government as forcefully, quickly. and 
successfully as have the tasks of reducing the 
degradation of the U.S. environment and 
preserving its pristine areas. Since the NPC's 
1 97 1  report on this subject, the United States 
has entered into a long-term commitment to 
restore and protect the quality of the environ­
ment. Following the passage of the National 
Environmental Policy Act of 1 970 (NEPAl at 
the start of the decade. some 43 other major 
environmental laws and amendments to those 
laws have been enacted, along with a number 
of others that are keyed to specific problem 
areas. Appendix C lists those laws by year of 
passage. 

Beginning in the early 1970's, Congress 
increased the federal authority in pollution 

control and environmental protection. Duri ng 
this period. Congress also began to pass laws 
that established technology-based guidelines 
and technology-forcing provisions. in spite of 
the fact that the technologies were not fully 
developed. Industry was faced with the prob­
lem of equippi ng new and existing i ndustrial 
plants with pollution control facilities whose 
reliability and efficiency had not yet been 
demonstrated. 

In order to understand the breadth and 
complexity of the key laws passed during the 
1970's, and to achieve an appreciation of the 
interactions and multiplying effects. the follow­
ing laws and their key aspects are discussed 
below: 

11 National Environmental Policy Act 

• Clean Air Act 

• Clean Water Act 

• Safe Drinking Water Act 

• Resource Conservation and Recovery Act 

Ill Comprehensive Environmental Response, 
Compensation and Liability Act 

• Endangered Species Act. 

It is intended that this list be viewed 
without priorities in mind-it is simply a 
listing of those statutes that represent major 
impacts on petroleum operations. The environ­
mental considerations sections of this report 
address these and other laws and regulations 
specific to i ndustry segments. 
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A number of key federal statutes and 
regulations i mpinge more directly on the 
petroleum industry operations in Alaska and 
they have been addressed in the NPC's 1 98 1  
report, U.S. Arctic Oil and Gas. The following 
are of particular interest to Alaska: 

• Alaskan National Interest Lands Conserva­
tion Act 

• National Petroleum Reserve-Alaska Leasing 
Act 

• Department of the Interior's Fiscal 1 98 1  
Appropriations Act. 

National Environmental Policy Act 

The National Environmental Policy Act of 
1 970 set forth a national policy " to encourage 
harmony between man and his environment. 
to promote efforts to prevent or eliminate 
damage to the environment and promote the 
health and welfare of man. to encourage a 
better understanding of ecological systems and 
natural resources that are important to the 
nation, and to create a Council on Environ­
mental Quality." 

A key element of NEPA is its action-forcing 
provision-the requirement that no major 
federal action affecting the environment may 
be taken by a federal agency u ntil i t  has 
analyzed the environmental consequences of 
the proposed action and possible alternatives. 
Not all federal agency actions require an 
environmental i mpact statement (EIS).  Some 
important actions, such as the granting of a 
PSD permit. are exempt from the coverage of 
NEPA Agencies also have the authority to 
make a finding after a brief environmental 
assessment that a proposed action will have 
no significant impact and prepare no further 
analysis. In addition, some important petro­
leum industry permits such as onshore dril­
ling permits normally require only an 
environmental assessment. if there is no 
finding of significant impact. But where no 
exemption applies and there is some impact, 
an EIS must be prepared. Although some large 
projects have been approved without an EIS, it  
is nearly certain that any major energy project 
will involve at least one "major federal action," 
necessitating preparation of an EIS. Regard­
less of what triggers the EIS, the environmen­
tal analysis must cover the entire project and 
all of its impacts. not j ust the specific activity 
that may have forced the review. 

The preparation of an EIS is a time­
consuming process. The EIS must examine 
the environmental impact of the proposed 
action, adverse environmental effects that 
cannot be mitigated. alternatives to the pro­
posed action, the relationship between short-

1 8  

and long-term benefits and costs, and 
irreversible commitments of resources asso­
ciated with the proposed action. NEPA is 
essentially a procedural statute: where an EIS 
is necessary, it  must be prepared in accord 
with a strict set of procedures. Early in the 
process, the agency must publish a notice of 
intent to prepare an EIS and invite public 
input to determine the scope of issues that 
will be addressed. After that. a draft EIS will be 
prepared and made publicly available. The 
agency must hold hearings on the proposal 
and the draft. Comments made on the draft by 
any party must be specifically addressed in the 
final EIS. Agency action on the proposed 
permit or other action cannot be made before 
publication of the final EIS and preparation of 
the public record of decision, indicating the 
factors that lead to i ts fi nal choice. If an 
agency fails to meet the procedural require­
ments of NEPA any party may go to federal 
courts and obtain an inj unction preventing 
action until an adequate EIS has been pre­
pared. NEPA legal sui ts rarely involve the 
merits of the proposed project. but rather turn 
on the question of whether a federal agency 
has met procedural requirements. 

Preparation of an EIS, with its concomi­
tant data collection and public hearings, may 
take between one and two years. This delay 
generally increases the project's costs. 
Although this activity has been incorporated 
into most of the planning processes, the delay 
can become critical at times and can add to 
the uncertainty of certain high-risk projects. 

The methodology of EIS preparation often 
results in an examination of worst-case sce­
narios and other conjectural impacts, which 
may paint an unduly distorted picture of the 
likely hazards actually associated with the 
project. This can result in  turning public 
opinion against the project. Utilization of 
proper risk techniques would provide a more 
balanced picture of the likely case. 

Clean Air Act 

The federal government first assumed 
responsibility for controlling air pollution 
under the Air Pollution Control Act of 1 955. 
This Act was then amended by the Clean Air 
Act of 1963 and the Air Quality Act of 1 967. 
Further amendments were added in 1 970 and 
1 977. The 1 970 amendments to the Clean Air 
Act formed the foundation for the nation's 
present approach to air quality management 
by establishing the requirement that NAAQS 
(designed to protect public health and welfare) 
for pervasive pollutants be attained and main­
tained at all locations in the country. The 



1 970 amendments stipulated further protec­
tion of existing air quality by requiri ng the 
use of best available controls of pollutants at 
all new facili ties. The PSD policy, codified into 
law in 1 977, requires that geographic areas 
whose air quality is already better than 
NAAQS for a particular pollutant shall be 
protected agai nst "significant deterioration" of 
that quality. Only a small i ncrement. if any. of 
a NAAQS can then be added to the atmos­
pheric burden of the pollutant under consider­
ation in that area. The 1 970 amendments also 
required that SIPs be developed to ensure 
compliance with the NAAQS and subsequently 
the PSD requirements. Visibility protection in  
large national parks. international parks. and 
wilderness areas was provided by the 1 977 
amendments. 

In 1 97 1 .  EPA established NAAQS for six 
cri teria pollu tants: S02 . TSP. CO. NOx . oxi­
dants. and non-methane hydrocarbons as an 
oxidant control method. Except for two 
changes, the initial standards have remained 
unaltered: deletion of the 24-hour and annual 
average secondary s tandards for S02 ; and 
redesignation of the oxidant standard to ozone 
[also made less stringent (0.08 to 0. 1 2  parts 
per million) ! .  In 1 978, a lead standard was 
adopted by EPA. 

The 1 977 amendments to the Clean Ai r 
Act required EPA to re-exami ne the NAAQS by 
December 3 1 ,  1 980. and to re-examine each 
NAAQS every five years thereafter. Th is on­
goi ng review of tile NAAQS is an important 
activi ty relative to the nation's ai r pollution 
control program; any change in  a standard 
could potentially affect other Clean Air Act 
requirements si nce all stationary source 
requirements have been designed to provide 
for compl iance with the s tandards. ln this way. 
the NAAQS are pivotal to the specific control 
strategies defined in the Clean Air Act .  

EPA has responsibil ity for developing and 
promulgating the NAAQS. and primary 
( health-related ) standards are to be based on 
current scientific knowledge concerni ng all 
identifiable health effects associated wi th a 
pollutant (which are summarized i n  a "cri teria 
document" ) .  Pri mary s tandards are established 
at a level intended to protect even the most 
sensitive members of the population and to 
provide, in addi tion, an "adequate margin of 
safety" below that level. Further. all but the 
annual standards can be exceeded only once 
per year. Therefore. the standards incorporate 
several factors of conservatism. Finally, the 
Clean Air Act specifically omitted costs from 
the factors EPA must consider i n  establishing 
the health-related standards. At present. there 

is considerable debate i n  the scientific and 
regulatory communities as to the form of the 
current s tandard-setting process and the basis 
for the specific numerical s tandards. i ncluding 
the margin of safety concept. These issues are 
presently u nder scrutiny by diverse groups i n  
t h e  public and private sectors. Setti ng NAAQS 
is one of the key issues of the 1 980's 
d iscussed in C hapter Three. 

As part of i ts review. EPA has reviewed the 
oxidant standard, altered the level, and 
changed the standards to incorporate specifi­
cally only ozone as the surrogate, as men­
tioned above; reviewed the CO standard; and 
indicated that it plans to eliminate the 
hydrocarbon s tandard. 

In addition, EPA is  curren tly revising the 
cri teria documents for TSP and S02. C hanges 
to these s tandards may result  from the 
ongoing reviews of health effects research. The 
fi rst draft of the revised cri teria d ocument was 
reviewed by the Clean Air Scientifi c  Advisory 
Commi ttee ( CASAC ) of EPA's Science Advisory 
Board. at a public meeting in August 1 980. 
Concern was expressed regardi ng deficiencies 
in the scientific bases for the TSP s tandard at 
that time. The TSP standard in i ts current 
form is considered by some CASAC members 
to be inadequate for the p ro tection of p ublic 
health and welfare. because the health effects 
of particles are suspected to be d irectly related 
to their size and chemical compositions. 
Nei ther of these p roperties i s  reflected i n  the 
current  s tandards, which are based solely on 
mass concentration. Therefore. EPA is consid­
ering separate standards relating to sulfate 
particulates and inhalable particulate material. 
EPA has an extensive health effects research 
program in progress related to fi ne particu­
lates. but major epidemiological components of 
the program will require several years for 
completion. 

The 1 970 amendments to the Clean Air 
Act specified that all s tates were to attai n  the 
primacy NAAQS by May 3 1 .  1 975 ( i n  l imited 
cases. an extension to July 1 977 was possible) ;  
secondary s tandards were to be attained 
within a " reasonable period of t ime," generally 
within three years of p ri mary NAAQS attain­
ment. (The 1 977 amendments to the Clean Air 
Act subsequently required attainment of the 
primacy standards by 1 982, wit h  p ossible 
extension to 1 987 for ozone and CO.) However. 
due to p roblems i n  ach ieving the NAAQS i n  
many areas o f  the country. EPA developed an 
Emissions Offset Policy in December 1 976, 
which was subsequently i ncorporated in Part 
D ( Nonattainmen t )  of the Clean Air Act as 
amended in 1 977. This policy states that 
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major new and expanded sources must offset 
any projected emissions i ncreases with even 
greater corresponding reductions in emissions 
in the area of proposed source location. 

As the United States seeks to develop 
domestic oil and gas supplies in the next 
decade, various facilities subject to air quality 
regulations will be developed. These develop­
ments include modifications to existing facili­
ties and construction of new capacity in 
· ·grassroots" or greenfield areas (generally lack­
ing supporting infrastructure) and at more 
developed sites. The specific procedures or 
pre-construction reviews of major oil and gas 
facili ties are dependent upon the attainment 
status of the NAAQS for each pollutant to be 
emitted in significant quantity by the facility. 
Where the NAAQS are not bei ng attained, the 
facility owner/operator must comply with the 
pre-construction review procedures governing 
nonattainment; where the NAAQS are being 
attained, the facility owner/operator must 
comply with the pre-construction review proce­
dures governing PSD areas. Occasionally, a 
single facility will be subject to both sets of 
pre-construction review procedures (e.g., where 
an area is designated as nonattainment for 
one or more pollutants and attainment for 
other pollutants) .  

The total permi t preparation and proces­
sing time for major new and modified facili ties 
is frequently 22 to 48 months. Of that time, 
EPA averages only 8 1 / 2 months for its review 
and approval of the permit, including public 
hearings, due in part to EPA's implementation 
of a high-priority system for energy-related 
projects. Such detailed pre-construction review 
often results in delay and uncertainty, which 
can increase the risks of capital i nvestment 
and of the ultimate viability of projects. Recent 
studies have indicated that the pre­
construction review process could be simpli­
fied, thereby allowi ng significant cost and time 
savings in improving the efficiency and cer­
tainty of industrial planning and develop­
ment. 1 In the case of the oil and gas 
industries, improvement of the pre­
construction review process is critical as 
efforts to develop and produce e nergy intensify 
in this decade. 

Prevention of Significant Deterioration. The 
national goal to preserve air quality in less 
polluted regions ( i .e., prevent significant deteri­
oration of air quality) was explicitly codified 
into Part C of the Clean Air Act in August 
1 977. The stated purposes of the PSD policy 
are to preserve the special air quality charac­
teristics of national parks and other identified 
areas, and to allow moderate growth of well-
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controlled facilities at suitable locations i n  
other clean air areas. To meet this goal, the 
PSD rules establish emission control and 
siting requirements on all new and expanded 
major emitting facilities in clean air areas. 
These rules can limit the size of individual 
plants as well as the total number of sites 
potentially suitable for i ndustrial development. 
Three classes of clean air areas have been 
established and maximum i ncreases of S0 2 
and TSP concentrations have been specified 
for each area These i ncremental values 
(expressed in micrograms per cubic meter) are 
small percentages of the related NAAQS for 
each pollutant. Control of air pollution 
through the PSD policy, therefore, by defini­
tion goes well beyond the control levels needed 
to protect public health. 

PSD in the past has created substantial 
technical and administrative uncertai nties 
and delays in major plant construction in the 
country. A serious case is i ts potential impact 
on energy resource development i n  the West, if 
the allowable i ncrements are fully utilized. 

The PSD provisions of the 1 977 amend­
ments introduced: 

• Formal designation of attainment (PSD) 
areas. 

• More stri ngent PSD increments for S0 2 and 
TSP (than EPA's 1 974 regulations) in Class 
II and III areas. 

• Mandatory designation of Class I areas for 
the following areas i n  existence as of 
August 7, 1 977: international parks, 
national wilderness areas, and memorial 
parks larger than 5,000 acres; and national 
parks larger than 6,000 acres. There are 1 58 
Class I areas nationwide. 

• Expansion of the number of source catego­
ries subject to PSD pre-construction review 
from 1 9  to 28. Petroleum refineries and fuel 
conversion plants are two of the 28 speci­
fied source categories. 

• A "two-tier" system, which was established 
for PSD pre-construction review. Major new 
and modified stationary sources withi n  the 
28 specified categories are subject to PSD 
review if they have the potential to emit 1 00 
tons or more per year of any pollutant 
regulated under the Clean Air Act. The 
emission threshhold for stationary sources 
other than the 28 specified is 250 tons 
per year. 

• Increased application of BACT to all pol­
lutants regulated under the Act. In addition, 
BACT is to be determined on a case-by-case 
basis and must be at least as stringent as 
the appl icable NSPS. 



• More sophisticated modeling and monitor­
ing requirements to demonstrate com­
pliance with the i ncrements (and ambient 
standards). 

• Specific air quality and meteorological mon­
itori ng requirements were added to the PSD 
review process. 

• Requirements for additional analysis of 
impacts associated with a proposed new 
source or modification of air quali ty related 
values were added. 

• Additional PSD provisions, whi ch were to be 
developed by August 7. 1 979, for the other 
cri teria pollutants. PSD rules for lead were 
to be promulgated by October 5, 1 980. 

On June 1 9, 1 978, EPA promulgated 
regulations, issued in two parts, to implement 
the PSD program established by the 1 977 
amendments. The 1 978 PSD regulations were 
challenged by both industry and environmen­
tal groups in Alabama Power vs. Castle, heard 
by the U.S. Court of Appeals for the District of 
Columbia Circuit. On June 1 8, 1 979, the 
federal court released a preliminary decision 
and entertained petitions for reconsideration 
of some issues. Meanwhile, to expedite the 
regulatory process governing pre-construction 
review, EPA responded to the court's initial 
decisions with proposed major amendments to 
the PSD regulations on September 5, 1 979. On 
December 1 4, 1 979, the court issued its final 
opinion. but stayed the effect of the decision 
pending EPA's program for fi nal implementa­
tion of its mandate. As a result of the court's 
opinion, the final PSD regulations were ulti­
mately promulgated by EPA on August 7, 
1 980. 2 

Nonattainment. Part D of the Clean Air Act. as 
amended in 1 977, establishes specific provi­
sions to permit limited industrial growth in  
areas of  the country designated as nonattain­
ment, in order to foster simultaneous improve­
ment in air quality. A nonattainment area is a 
bounded region in which air quali ty levels do 
not comply with the NAAQS for one or more 
pollutants based on valid monitoring data 
and/or air quality model ing results. On 
March 3, 1 978, EPA published its first list 
delineating the attainment status of areas 
throughout the country. This list is updated 
(usually at the state's ini tiative} ,  as the air quality 
in each area improves, degrades, or the designa­
tion is changed by new data. 

Under the Clean Air Act, states were 
required to revise their SIPs by January l ,  
1 979 (with EPA review to be completed by 
July 1 .  1 979 ),  to include detailed strategies for 
bringing nonattainment areas into compliance 

by December 3 1 .  1 982 ( the attainment date 
was extended to 1 987 in l imited cases) .  The 
Act further authorizes EPA to impose no­
growth sanctions in areas of states or territo­
ries for which there is no approved SIP. As of 
May 1 98 1 .  a total of 3 1  states and one 
territory had no approved SIP for at least one 
pollutant. To date. EPA has i mposed moratori­
ums on construction of major new or modified 
facil it ies i n  portions of over 30 states and 
several major source permits have been 
delayed. 

Major new and modified sources proposed 
for location in nonattai nment areas or having 
an i mpact on nearby nonattainment areas are 
subject to the requirements l isted below: 

e� Lowest Achievable Emission Rate 

i> SIP compliance or an approved plan for 
compliance of all sources owned by the 
applicant within the state 

® Offsets greater than one to one 

® Positive net ai r quality benefit. 

The complexity of these requirements 
adds to the time. cost. and uncertainty of 
obtaining the necessary permits. The availabil­
ity of satisfactory offsets might become critical 
in facilities and areas that are already heavily 
controlled in attempts to meet NAAQS. Collec­
tively, these may cause viable energy projects 
to be cancelled while still in the planni ng 
stage. 

JFutwre Amendments to the Clean Air Act. 
Modification of the PSD and nonattainment 
provisions of the Clean Air Act may result 
from Congressional review pursuant to reau­
thorization of the Act. M any industry groups, 
environmental organizations, and local, state, 
and federal government entities have prepared 
proposals for Congressional consideration. 
While there is great diversity in these propos­
als, there is wide support for simplifYing the 
permit review process. 

The NPC believes that modifications to the 
Clean Air Act could alleviate some of the 
problems i nherent in the existing PSD and 
nonattainment permit review requirements 
and could improve the certainty and efficiency 
of the planning and development processes for 
new and expanded sources in  the petroleum 
industry. The followi ng issues should be 
considered in any future amendments to the 
Clean Air Act: 

• Setting of NAAQS based on valid scientific 
studies subject to peer review 

a PSD increments, includi ng disposition of 
Class II and III  increments 
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• Emissions offset requirements i n  nonattain-
ment areas 

• Pre-construction permi t  process 

• Scope of visibility protection requirements 

• Use of cost-effectiveness and/or cost-benefit 
analyses as the basis for specific legislative 
provisions and i mplementing regulations 

• Federal sanctions in nonattainment areas. 

Clean Water Act 

The 1 972 amendment to the Federal Water 
Pollution Control Act expanded an existing 
federal role i n  water pollution control. I t  
expanded water quality standard programs 
initiated in 1965 and extended the national 
program t� all navigable waters i n  the United 
States. It created a system of uniform national 
technology-based effluent limitations, or more 
stringent limitations if required, to meet  water 
quality standards. It i nstituted a national 
permit system for all point source discharges, 
and specific deadlines were established for 
achieving those effluent l imitations based on 
designated control technologies. Two general 
goals were proclaimed: to achieve. wherever 
possible, by July I. 1983. water that is clean 
enough for swimming and other recreational 
uses, and clean enough for the protection and 
propagation of fish, shellfish, ap.d wildlife: and 
by 1985, to have no discharge of pollutants 
i nto the nation's waters. 

The Clean Water Act Amendments of 1977 
made major mid-course corrections to the 
1 972 law and i ncorporated many of the 
provisions of a previous court settlement on 
taxies control, adding new emphasis to the 
control of the discharge of toxic pollutants. I t  
divided pollutants i nto three classes­
conventional, nonconventional, and toxic-and 
different discharge requirements were estab­
lished for each class. Additional p retreatment 
requirements were established for discharges 
to municipal sewage treatment systems and 
EPA was authorized to control the runoff of 
toxic and hazardous materials from i ndustrial 
sites through Best Management Practices. 

The 1978 amendments to the Clean Water 
Act specifically revised provisions dealing with 
Section 3 1 1 discharges of oil and hazardous 
substances. These issues i ncluded the deter­
mination of harmful quantities, penalties, and 
exclusion for hazardous substance discharges 
regulated under NPDES permits. 

The four principle sections of the Act that 
have direct impact on the petroleum i ndustry 
are: Section 402, National Pollution Discharge 
Elimination System; Section 404, permits for 
dredge or fill material; Section 3 1 1 ,  oil and 
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hazardous substances liability; and Section 
40 1 ,  governing state certification of federal 
permits for discharges originating i n  state 
waters. 

NPDES Permits. The Clean Water Act prohib­
i ts the discharge of any pollutants, except as 
authorized by an NPDES (or o ther) permit. 
Each NPDES permit  required compliance with 
effluent l imitations by July 1 ,  1 977, reflecti ng 
the Best Practicable Control Technology Cur­
rently Available ( BPT). By July 1, 1984, NPDES 
permit effluent l imitations further require 
application of the Best Available Technology 
Economically Ach ievable ( BAT) for toxic and 
nonconventional pollutants and the Best Con­
ventional Pollutant Control Technology (BCT) 
for conventional pollutants. The Clean Water 
Act provides for waivers from BAT for noncon­
ventional pollutants in some cases. New sour­
ces are required to comply with NSPS, which 
reflect the greatest degree of effluent reduction 
achievable through application of Best Availa­
ble Demonstrated Control Technology, pro­
cesses, operati ng methods, and other 
alternatives i ncludi ng, where practicable, a . 
standard permitting no discharge of 
pollutants. 

U.S. Army Corps of Engineers Permits. Sec­
tion 404 permits are issued by the U.S. Army 
Corps of Engineers for the d ischarge of dredge 
or fill material into the navigable waters. 
Guidelines for permit issuance are developed 
by EPA based upon criteria comparable to the 
criteria applicable to the territorial seas and 
oceans. EPA. a state, or an adjacent state may 
add stipulations to the Section 404 permit or 
prohibit i ts issuance. The EPA may withdraw 
the permit for a d isposal site for dredge or fill 
material whenever i t  determines, after a public 
hearing. that the discharges will have an 
unacceptable adverse effect on the receiving 
waters. To understand the real significance of 
expanded review authori ty of the Corps of 
Engineers for such permits, one must look at 
the related legislation that impacts on the 
permitting decisions of the Corps. 

• Section 401 of the Clean Water Act requires 
certification from the state in which the 
discharge originates that the d ischarge will 
comply with the applicable effluent limita­
tion and water quality standards. 

• Section 307 of the Coastal Zone M anage­
ment Act requires an applicant to furnish a 
certification that the proposed activity will 
comply with the state's CZM program. No 
permit will be issued until the state has 
concurred with the applicant's certification. 



• Section 302 of the Marine Protection 
Research and Sanctuaries Act authorizes 
the designation of marine sanctuaries. 
Activities in the sanctuaries authorized by 
the Corps of Engineers are valid only if the 
Secretary of Commerce certifies that the 
activities are consistent with the purposes 
of the Act and can be carried out within the 
regulations for the specific sanctuaries. 

• NEPA may require an EIS when several 
Corps of Engineers permits are issued in 
one specific area An EIS may also be 
required by an application for a permit that 
results in a major federal action in the 
opinion of the Corps. 

• The Fish "l.nd Wildlife Act requires that 
before the Corps of Engineers issues any 
permit that proposes to control or modifY 
any body of water, the Corps must first 
consult the U.S. Fish and Wildlife Service, 
the National Marine Fishery Service, as 
appropriate, and the head of the appropriate 
state agency exercising administration over 
the wildlife resources of the affected state. 

• The National Historical Preservation Act 
authorizes that its advisory council review 
activities licensed by the Corps that will 
have an effect upon properties listed in the 
National Register of Historical Places or 
eligible for such listing. 

• The Preservation of Historical and Archaeo­
logical Data Act provides that the Corps of 
Engineers may delay granting a permi t  if 
the permitted activity would alter any ter­
rain such that significant historical or 
archaeological data are threatened. until the 
Secretary of the Interior takes action neces­
sary to recover and preserve the data. 

• The Endangered Species Act provides that 
the Corps of Engineers must utilize i ts 
authorities by carrying out programs for the 
conservation of endangered or threatened 
species and by taking such action as is 
necessary to ensure that any action autho­
rized by the Corps will not jeopardize the 
continued existence of such species or 
result i n  the destruction or adverse modifi­
cation of the habitat of such species. 

• The Marine Mammal Protection Act of 1972 
imposes a perpetual moratorium on harass­
ment of marine mammals and has the 
potential for preventing the issuance of a 
Corps permit. 

• The Wild and Scenic Rivers Act provides 
that the Corps of Engineers shall not assist 
by permit or otherwise i n  the construction 
of any water resources project that would 
have a direct and adverse effect on the 

values for which a river was designated a 
wild and scenic river. 

• In addition to all of these, where an 
application affects wetlands, the District 
Engineer of the Corps may undertake 
reviews of particular wetland areas in con­
sultation with the appropriate regional 
director of the Fish and Wildlife Service, the 
National Marine Fishery Service, the 
National Oceanic and Atmospheric Adminis­
tration, the Regional Administrator of EPA. 
local represen tatives of the Soil Conservation 
Service of the Department of Agriculture, 
and the head of the appropriate state 
agency to assess the cumulative effect of 
activities i n  such areas. 

Oil and Hazardous Substance Spills. The 
Clean Water Act prohibits the discharge of oil 
or hazardous substances, i n  quantities that 
may be harmful, into or upon the navigable 
waters of the United States. A new National 
Contingency Plan is required for the removal 
of oil and hazardous substances and is now 
expected to be published in 1 982. This plan 
will assign duties and responsibilities among 
federal departments and agencies in coordi na­
tion with state and local agencies. Regulations 
are specified to cover methods of procedures 
for prevention of spills as well as of removal of 
any accidental discharges. Spillage of any 
designated material that may be harmful must 
be immediately reported to the National 
Response Center. 

State Certification. The Clean Water Act also 
requires that NPDES permits contain condi­
tions that ensure compliance with applicable 
state water quality standards or l imitations. 
Under another section of the Act. EPA may not 
issue an NPDES permit until the state i n  
which the discharge will originate grants o r  
waives certification t o  ensure compliance with 
appropriate requirements of the Clean Water 
Act and state law. These stipulations fre­
quently result i n  conflicts between the federal 
agency and the state agency with a resultant 
delay in the issuance of the fi nal NPDES 
permit and the approval to construct a new 
facility or modifY an existing facility with the 
necessary pollution control. 

Safe Drinking Water Act 

The Safe Drinking Water Act directs the 
establishment of two major regulatory pro­
grams. One program relates to public water 
systems and requires that EPA establish 
national primary and secondary drinking 
water standards for public water systems. This 
statute directs the primary enforcement 
responsibili ty  to the states to ensure that 
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public water systems comply with the national 
standards. The other program, which has the 
larger impact on the oil and gas i ndustries, 
relates to underground sources of d rinking 
water, and i t  requires that EPA publish 
regulations for state underground injection 
control (UIC) programs. The UIC programs 
regulate the re-i njection of produced waters 
from exploration and production operations, 
underground cavern storage of petroleum 
products, and underground i njection of 
hazardous wastes. These regulations must 
establish minimum requirements for effective 
programs to prevent underground injection 
that endangers drinking water sources. These 
regulations are in addition to the require­
ments set by state regulatory agencies. Oil and 
gas producing states have developed and 
implemented very effective UIC regulations. 

Resource Conservation and Recoveey Act 

The Resource Conservation and Recovery 
Act provides a comprehensive program for the 
regulation of wastes. It greatly expands the 
role of the federal government in the field of 
waste disposal, with particular emphasis on 
the regulation of hazardous waste and 
resource recovery. The program is to be 
achieved through implementation of several 
programs: the establishment of a hazardous 
waste control program; a solid waste manage­
ment program in each state, together with a 
prohibition on the practice of open dumping; 
and the encouragement, through federal aid, of 
state and regional waste management 
planning. 

The statute allows states to apply to EPA 
for authorization to administer the hazardous 
waste program. EPA has issued regulations 
and has established minimum requirements 
for state hazardous waste programs in order 
to receive EPA approval. 

Of particular interest to the petroleum 
industry is the regulation, from generation to 
final disposal. of hazardous wastes. EPA has 
promulgated regulations defining hazardous 
wastes, setting requirements for generators 
and transporters, and setting interim status 
standards for existing facili ties that treat. 
store. and dispose of hazardous wastes. Final 
standards for hazardous waste management 
facili ties are still being developed. The petro­
leum industry is affected primarily by the 
broad classification of hazardous wastes iden­
tified by EPA, which fails to distinguish 
between wastes that pose a lesser degree of 
hazard and such extremely hazardous mate­
rials as Kepone or dioxin. This classification 
system will result in secure disposal sites 
being used for waste with a low degree of 
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hazard, thereby increasing the shortfall of 
needed capacity to dispose of truly hazardous 
waste. 

An important question, primarily because 
of the potential fi nancial impact on the 
industry. is whether EPA will determi ne that 
wastes associated with the d rilling and pro­
ducing sector of the petroleum i ndustry 
should be covered by RCRA regulations. At the 
present time, wastes associated with petro­
leum and natural gas drill ing and production 
are excluded from the definition of hazardous 
wastes. EPA does not anticipate completing 
the necessary research work i n  this area and 
the possible regulations until at least 1 985. 
Compliance with the regulations proposed in 
December 1 978 could have resulted in 
increased capi tal costs to the oil and gas 
drilling industry of $3 1 billion ( i n  mid- 1 978 
dollars) as well as i ncreased annual direct 
operating and maintenance costs of $3.3 
billion. 3 

In light of the concern that is expressed by 
the public and the difficulty in satisfying the 
EPA criteria for hazardous waste disposal 
sites, a great deal of d ifficul ty  is envisioned i n  
the siting of hazardous waste disposal facili­
ties and the subsequent operation of those 
facili ties. The potential lack of facilities, espe­
cially in proximity to those facilities that 
generate most of the hazardous wastes. can 
lead only to very high transportation and 
administration costs. 

One approach to the solution of the 
potential lack of disposal facilities is legisla­
tion to establish and control such facilities i n  
a manner similar t o  that o f  p ublic trusts. 
Private or publicly owned hazardous waste 
disposal corporations would be encouraged by 
appropriate federal and state legislation to 
establish and operate disposal sites on prop­
erly designated lands. Proper schedules of 
charges for disposal, together with a regulated 
profit margin, would be authorized. Proper 
compliance with construction. operation, 
maintenance, recordkeepi ng, and closure 
standards would be assured under terms of 
the site contract as well as regulatory provi­
sions in the enabli ng legislation. After fi nal 
closure, the land would revert to the federal 
and/or state government for stab ilization and 
containment of the waste in perpetuity. Such 
an organization could assure the nation that 
hazardous wastes would be handled safely and 
in compliance with all applicable control 
requirements. 

The Comprehensive Environmental 
Response, Compensation and Liability Act 

The Comprehensive Environmental 
Response, Compensation and Liabil ity Act. or 



"Superfund," establishes a federal fund to 
finance government action to prevent threat­
ened releases of hazardous substances or to 
remedy the effects of past releases of such 
substances. It provides for strict liabil ity on 
the part of owners and operators of vessels 
and waste disposal sites for the release of 
hazardous materials into the environment. 
Through imposition of an excise tax on crude 
oil, petroleum products. and 42 basic indus­
trial chemicals, a $ 1 .6 billion fund will be 
established to enable the government to pay 
cleanup costs resulting from releases of 
hazardous substances into the environment 
when the culpable party is unknown or unable 
to pay. The reporting requirements under the 
Act are expected to reveal the existence of 
hazardous waste disposal sites that are not 
regulated, i.e., not active under RCRA. Serious 
liability consequences may result to companies 
that are subsequently found to have used sites 
that are creating a danger to human health or 
the environment. 

The ultimate effects of Superfund are 
somewhat less predictable for the petroleum 
industry than for some other i ndustries at 
this point. The "deep pocket" approach, under 
which enforcement is pressed against the 
party most likely to be able to pay. regardless 
of the extent of culpability, could place an 
extreme liability on financially solvent genera­
tors of hazardous wastes. Such generators are 
assumed to bear a liability for correcting 
disposal site problems even though their only 
connection with the disposal operation is thei r 
contribution of wastes for disposal. The total 
impact of Superfund on the petroleum indus­
try cannot be determined until the regulatory 
program is completed. 

The Endangered Species Act 

The Endangered Species Act mandates 
affirmative action to preserve endangered and 
threatened species. It declares that there is a 
public responsibil ity to prevent the extinction 
of species of fish, wildlife. or plants that would 
occur as a consequence of economic growth or 
development; and it encourages the states. 
through federal fi nancial i ncentives, to develop 
and maintain conservation programs that 
work to meet this goal. It further provides that 
an entire ecosystem of a threatened species 
may be conserved, and declares that it is the 
policy of Congress that all federal departments 
and agencies shall seek to conserve endan­
gered species and use their authorities in 
furtherance of the Act. 

This law presents barriers to petroleum 
industry development because it is written in 
general language, providing the Executive 

Branch regulators with significant new powers 
but little or no operational guidance. The 
impact of the program has grown significantly 
in recent years. The entire ecosystem of an 
endangered species may encompass a vast 
amount of acreage or ocean that would be 
placed off l imits to natural resource develop­
ment. The list of endangered domestic flora 
and fauna contains approximately 300 species. 

Internat ional Marine 

Nations have a great interest in promoting 
a satisfactory quality of international waters 
both of the high seas and of international 
basin drainage systems. Pollution of the high 
seas endangers the quality and resources of 
the terri to rial waters of coastal nations and, of 
course. the shores as well. 

Intergovernmental Maritime 
Consultative Organization 

To serve as the institutional mechanism 
for establishing worldwide vessel standards, 
the Intergovernmental Mari time Consultative 
Organization ( IMCO) was founded in 1 959 
under the auspices of the United Nations. 
Since its inception, IMCO has been primarily a 
maritime nation agency dealing with technical 
maritime problems. The costs of IMCO admin­
istration are divided among the mari time 
nations according to the tonnage of vessels 
flying each nation's flag. Non-maritime nations 
have a standing invitation to attend IMCO 
meetings, but few have done so and their 
voting power has not been substantial .  

The following international conventions 
developed by or under the jurisdiction of IMCO 
relate to vessel safety and pollution prevention: 

e Convention for Safety of Life at Sea 
(SOLAS), 1 960 and 1 974 (general l ife-saving 
requirements for vessels).  

® I nternational Convention on Load Li nes. 
1 966 (established load limits) .  

e International Regulation for Preventing Col­
lisions at Sea. 1 97 1  (voluntary rules of the 
road ).  

• International Convention for the Prevention 
of Pollution of the Sea by Oil, 1 954 (opera­
tion discharge standards and prohibited 
discharge zones) ,  amended 1 962, 1 969, and 
1 97 1 .  All amendments except 1 97 1  are in 
force. 

e International Convention Relating to Inter­
vention on the High Seas in Cases of Oil 
Pollution, 1 97 1  ( rights of a coastal nation to 
protect itself from a disabled vessel carrying 
oil ) .  
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• I nternational Convention on Civil Liability 
for Oil Pollution Damage. 1 969 (sets strict 
liability with limits for shipowners in cases 
of oil pollution). 

• Convention on the Establishment of an 
International Fund for Compensation for Oil 
Pollution Damage. 1 97l (creates an interna­
tional fund to cover oil pollution damages 
beyond the liability of the shipowner) . 

• I nternational Convention for the Prevention 
of Pollution From Ships. 1 973-referred to 
as MARPOL 1 973 (new discharge and 
construction standard treaty for all pollut­
i ng substances designed to substi tute for 
the 1 954 Convention-not yet enforced). 

• Tanker Safety and Pollution Prevention 
Conference of February 1 978-referred to as 
MARPOL 1 978 (requires segregated ballast 
tanks. dedicated clean ballast tanks, or 
crude oil washi ng equipment on existing 
and new vessels-not yet enforced). 

• Standards of Training. Certification and 
Watchkeeping for Seafarers. 1 978 (national 
licensing programs, and improvements i n  
training, qualification. and certification for 
tanker personnel-not yet enforced). 

International efforts to strictly control 
vessel-source pollution were actually initiated 
at the behest of the United States. A confer­
ence on the subject convened in 1 926 in 
Washington. D.C . .  but a U.S. proposal for a 
total prohibition of oil discharges from ships 
was defeated two to one. I t  was not until 1 954 
that a convention was finally concluded-but 
without a d ischarge ban. International dis­
charges were merely limited and enforcement 
was to be carried out by the flag-nation. using 
penalties i t  determined appropriate. Nations 
other than the flag-nation could inspect the 
vessel's oil record book (mandated by the 1 954 
Convention) only when it called at their ports 
and. if discrepancies were discovered. they 
would have to request the flag-nation to take 
enforcement action. 

The discharge standards and prohibited 
zones were made more stri ngent i n  1 962. The 
1 969 amendments did away with zones alto­
gether and limited the rate of discharge of oil 
even further. But the discharge standards 
adopted would still permit a 300.000 dead­
weight ton (DWf) tanker to discharge a 
maximum of 20 tons during the course of any 
one ballast voyage at a rate not to exceed 80 
li ters per mile. 

The 1 97 1  amendments to the 1 954 Con­
vention are more significant. For the first time. 
construction standards were developed to 
prevent or minimize oil outflow in the event of 
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an accident. These requirements restrict cargo 
tank size as a means of limi ti ng maximum oil 
outflow resulting from a tanker collision or 
grounding. The 1 954 Convention and amend­
ments were subsequently superseded by MAR­
POL 1 973 and MARPOL 1 978. 

MARPOL 1 973 was developed in London 
in November 1 973. and represented the most 
comprehensive treaty on the subject to that 
time. Included were measures to control more 
pollutants than ever before and emphasis was 
put on prevention rather than cleanup and 
other post-accident measures. Briefly. the new 
treaty included the followi ng salient features: 

• Regulation of ship discharges of oil,  various 
liquid substances, and harmful package 
goods 

• Control. for the first time. of tankers 
carrying refined products 

• Requirements for segregated ballast for all 
tankers over 70,000 DWf contracted for 
after December 3 1 .  1 975 (but does not 
require double bottoms) 

• Prohibition of all oil discharges within 50 
miles of land (as did the 1 969 amendments) 

• Mandate for all tankers to operate with the 
load-on- top system. if  capable 

• Reduction of maximum permissible dis­
charge for new tankers from 1 / 1 5,000 to 
1 /30.000 of cargo capacity (Note:  no total 
discharge prohibition) 

• Regulation of the carriage of 353 noxious 
liquid substances with requirements rang­
ing from reception facili ties to dilution prior 
to discharge 

• Control of harmful package goods in terms 
of packaging. labeling. stowage, and quan­
tity limitations 

• Prohibition of discharge of sewage within 
four miles of land unless the ship has an 
approved treatment plant in operation. and 
from 4 to 1 2  miles unless the sewage is 
macerated and disinfected. 4 

In the area of enforcement. the interna­
tional legal status quo was modified to some 
degree. The flag-nation must punish ship 
owners for all violations. A coastal nation has 
the right (as well as the duty) to punish the 
owner of a foreign-flag vessel for violations 
occurri ng in i ts waters or to refer the violation 
to the flag-nation for prosecution. Nations that 
ratifY the treaty must apply i ts terms to all 
vessels. including those flying flags of nations 
that do not sign the treaty. in order to prevent 
vessels of nonsignatmy nations from gaining 



competitive advantage. To settle any disputes. 
compulsory arbi trat ion is a treaty 
req uiremen t. 

On the question of standard-setting 
authori ty. a provision was defeated that would 
have made the treaty provisions exclusive on 
subjects it addressed. Consequently. there are 
no treaty restrict ions on the righ t of coastal 
nat ions to set more stri ngent requirements 
wi thin their jurisdictional waters. 

The MARPOL 1 973 Convention must be 
ratified by at least 1 5  nations that. among 
them, represent at least 50 percent of the total 
tonnage in the world fleet. Since previous 
conventions required ratification by 32 
nations, this represents a significant easing of 
the ratification process. 

In mid-December 1 976, the Argo Merchant 
ran aground and broke up near Nantucket. 
Massachusetts. In a little over three months 
there were 1 4  more tanker-related incidents 
off U.S. coasts. Of these, almost two-thirds 
were serious. Following these accidents, the 
President warned the world maritime com­
munity that the United States intended to 
ensure that the events of the winter of 
1 976- 1 977 would not re-occur. The Adminis­
tration suggested that the United States would 
take unilateral action if necessary. but that i t  
would prefer to join the international shipping 
community in improving tanker regulations 
and existing pollution prevention measures. In 
response to the President's initiatives, the 
Tanker Safety and Pollution Prevention Con­
ference was convened in February 1 978. The 
outcome of this IMCO conference was the 
adoption of amendments to SOLAS 1 974 and 
MARPOL 1 973. Because procedural con­
straints do not permit amendments to conven­
tions that are not in force and neither SOLAS 
1 974 nor MARPOL 1 973 had been ratified by 
the requisite number of states at the date of 
the convention, the conference results became 
"protocols" to these two conventions. The new 
requirements are as follows: 

• SOLAS Protocol 1 978 

- Improved inspection and certification 
procedures for all ships. 

- Inert gas systems for all new tankers of 
20,000 owr and over and existi ng 
tankers of 40,000 owr or more. 

- Second radar on all ships over 1 0.000 
gross registered tons (GRT). IMCO was 
obligated to prepare a performance speci­
fication for collision avoidance aids. 

- Improved emergency steering gear requir­
ing two independent steering control 

systems for all tankers 1 0,000 GRT 
or more. 

• MARPOL Protocol 1 978 

- Protective location of segregated ballast 
tanks in the side and bottom shell areas 
for new tankers 

- Clean ballast tanks as an alternative to 
segregated ballast on product tankers by 
usi ng dedicated cargo tanks only for 
clean ballast water 

- Crude oil washing to tankers of 20,000 
owr and over and as an alternative to 
segregated ballast for existing crude oil 
tankers of 40,000 owr or more. 

MARPOL 1 973 and i ts 1 978 Protocol are 
not yet i n  force: however. SO LAS 1 97 4 has 
been in force since May 1 980 and its 1 978 
Protocol came into force on May 1 ,  1 98 1 .  

Recognizing the importance of the human 
element in mitigating pollution incidents on 
the seas, IMCO called a conference that 
resulted i n  an International Convention on 
Standards of Training, Certification and 
Watchkeeping for Seafarers, 1 978. This confer­
ence was the first called to establish interna­
tional standards for ships' officers and crews. 
Specifically, the Convention provides for the 
submission of national licensing programs 
and the exchange of data among parties, and 
it provides for the traini ng, qualification, and 
certification of tanker personnel. 

The status of IMCO-related international 
conventions is shown in Table 5. 

Costs of Environmental Controls 
to the Petroleum Industry 
The Past 

The Secretary of Energy requested of the 
NPC information on the impact of environ­
mental controls on the cost of petroleum 
products and natural gas. The API Annual 
Expendi ture Survey describes and documents 
the cost to U.S. petroleum companies, repre­
senting 70 percent of U.S. refining capacity. 5 

These costs are reported as spent and have 
not been extrapolated to include the nome­
porti ng companies. The annual report shows 
the specific costs for the current 1 0-year 
period with a variety of parameters: i.e .. total 
expendi tures: capital expenditures: adminis­
trative, operating, and mai ntenance expendi­
tures: and research and development 
expenditures for each year. The details of 
those expenditures are broadened to identify 
the cost for air, water, and land and other. as 
well as for the i ndustry operati ng segments: 
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TAIBllE 5 

STATUS OF iMCO-RELATED INTIEIRNATIOINIAL CONVENTIONS 

Convention 

Safety of Life at Sea (SOLAS) 1 960 
Amendments: 

1 966 (Fi re Safety) 
1 967 (Fi re Safety/Radio) 
1 968 (Navigation/Equipment) 
1 969 (Equipment, Surveys, and Radio) 
1 971 (Radios and Routing) 
1 973 (Ed itorial ) 
1 973 (Grain)  

Safety of  Life at Sea (SOLAS), 1 974 
1 978 Protocol (TSPP) 

Col l ision Regu lations, 1 972 

Oi l Pol l ution , 1 954 
Amend ments: 

1 962 (Rewrite) 
1 969 (El iminate proh ibited zones, 

al lows l imited discharge) 
1 971 (Tanker tank size) 
1 971 (Great Barrier Reef) 

International Pol lution from Ships (MARPOL) , 1 973 
1 978 Protocol ( includes modified 
text of 1 973 convention) 

Load Line, 1 966 
1 975 Amendments 
Tonnage Measurement, 1 969 
Intervention, 1 969 (High Seas, 

Oil Pol l ution Casualties) 
Civi l Liabi l ity, 1 969 
Compensation Fund,  1 973 
Safe Containers (Geneva, 1 972) 
Search and Rescue Convention ,  1 979 
Intervention, 1 973 (High Seas, 

Other Than Oi l )  
Ocean Dumping (London , 1 972) 

non- I MCO 
Standards of Train ing,  Certification, 

and Watchkeeping,  1 978 
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Date of U.S. 
Ratification 

04-07-67 
06-1 Q-68 
1 1 -22-72 
1 1 -22-72 
1 1 -1 6-73 
02-03-76 
02-03-76 

09-07-78 
08-1 2-80 

1 1 -23-76 

09-21 -66 

1 Q-1 7-73 

08-1 2-80 

1 1 -1 7-66 
08-1 2-80 

02-21 -74 

01 -03-78 
08-1 2-80 

09-07-78 

04-24-74 

Date In force 
Internationally 

1 965 

05-25-80 
05-01-81 

1 977 

1 958 

1 967 

1 978 

1 968 

07-1 8-82 

1 975 
06-1 9-75 
1 Q-1 6-78 
09-06-77 

1 975 



i.e .. exploration and production. transporta­
tion, marketing. and refi ni ng. These costs 
include only firmly identified expenditures and 
do not include costs of delays or lost opportun­
ities resulting from environmental regulations. 

Specific details of the latest survey are 
provided in Tables 6. 7. 8. 9. and 1 0. Figures 6. 
7. and 8 show some very interesting trends in 
expenditures. especially the dramatic increase 
in operati ng expenditures when compared 
with capital expenditures. This increase is due 
in part to the large increase in the cost of 
energy to operate the control equipment and 
the process units to make environmentally 
acceptable products, as well as the increased 
effort to operate and maintai n t he new 
pollution control devices. By 1 979, the total 
expenditures for the 1 0-year period for capital 
and operating expenses were essen tially the 
same. approximately $8.5 billion each. By 
1 980. the total 1 0-year operating expenditures 
exceeded the capital expenditures by almost 
$ 1 . 1  billion and that trend is predicted to 
continue. 

The Future 
During the 1 970's, Battelle Columbus 

Laboratories analyzed the cost of environmen­
tal regulations to the U.S. domestic petroleum 
industry. 6 The 1 980 study. conducted during 
the 1 978- 1 979 period, not only included the 
cost of controll ing pollution in production. 
refining. transportation. and marketing. but 
also added the cost of providing products that 
met the specifications set by environmental 
regulations. 

The Battelle report estimates costs for the 
entire petroleum i ndustry and presents its 
results in terms of constant 1 979 dollars. These 
costs are different from the API-reported costs. 

The analysis developed both capi tal and 
operating costs and from these developed an 
annualized cost using a 1 2. 5  percent return 
after taxes. Two cost scenarios were 
developed-an anticipated case. which 

assumes moderate regulatory severi ty, and a 
restrictive case. wh ich assumes a severe one. 
Th is report will use the anticipated case where 
regulations are in place or nearly so and the 
restrictive scenario only in the case of those 
regulations resulti ng from RCRA. 

The cumulative capi tal investment by 
1 990 is $57 billion (constant 1 979 dollars. 
excluding RCRA requirements) in the antici­
pated case. The annual capi tal cost for 1 990 is 
$2 billion: of particular interest is the fact that 
the increased energy required in 1 990 for the 
facili ties represented by these expenditures is 
equivalent to approxi mately 450,000 barrels of 
oil per day. 

The most costly potential regulations are 
those related to RC RA. which amount to an 
annualized cost of $44 billion in 1 990 using a 
strict in terpretation of regulations announced 
at the time of the study. Because of uncertai n­
ties in regulations to be proposed and legisla­
tion being considered at the time. it was 
i mpossible then as now to evaluate the impact 
properly. I t  is now anticipated that EPA's 
approach will be moderated to a large degree 
so that this is an exaggerated case in the 
short term. 

Tables 1 1 , 1 2. 1 3. and 1 4  summarize the 
various analyses made duri ng the study for all 
industry sectors, agai n excluding RCRA costs. 
The petroleum i ndustry as a whole was 
forecasted to incur an annualized cost of $ 1 3  
billion i n  1 980 ( 1 979 dollars) .  which will rise 
in 1 990 to $ 1 7  billion plus RCRA costs. For 
additional details. see the Battelle report. 

In order to put these expenditures and 
forecasted costs in some perspective. Table 1 5  
shows the estimated incremental pollution 
expenditures for both the publ ic and private 
sectors in the United States for the 1 979- 1 988 
period. as projected by the Council on Envi ­
ronmen tal Quali ty in 1 980.7 During t h e  1 0  
years from 1 979 to 1 988. total spending i n  
response t o  t h e  federal envi ronmental quality 
regulations is expec ted to total $5 1 8.5 bill ion.  
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TABLE 6 

SUM MARY TAB LE OF ENVI RONMENTAL EXPEN D ITU RES OF THE PETROLEUM INDUSTRY, 1 971-1980* 
(Millions of Dollars) 

Year Total 

1971 1972 1973 1 974 1 975 1 976 1 977 1978 1 979 1 980 1 971 - 1 980 

Total Expenditures (Table 7) 

Ai r 571 550 737 932 1 ,039 1 ,21 6 1 , 1 88 1 ,349 1 ,6 16  2, 1 84 1 1 ,382 
Water 41 5 379 402 530 629 822 950 884 1 ,001 1 ,299 7,31 1 
Land and Other 1 01 91 1 00 1 50 456 336 383 1 94 203 357 2,371 

-- -- -- -- -- -- --

Total $1 ,087 $1 ,020 $1 ,239 $1 ,61 2 $2, 1 24 $2,374 $2,521 $2,427 $2,820 $3,840 $21 ,064 

Capital Expenditures (Table 8) 

Ai r 391 305 436 527 601 536 339 429 561 728 4,853 
Water 224 1 84 1 94 271 356 41 1 434 340 394 527 3,335 
Land and Other 57 51 52 97 396 269 1 84 89 92 1 83 1 ,470 

-- -- -- -- -- -- -- --
--

Total $672 $540 $682 $895 $1 ,353 $1 ,21 6 $957 $858 $1 ,047 $1 ,438 $9,658 

Administrative, Operating, and Maintenance Expenditures (Table 9) 

Ai r 1 43 1 98 251 352 389 635 792 864 997 1 ,392 6,01 3 
Water 1 85 1 87 201 249 262 401 502 532 594 754 3,867 
Land and Other 41 37 43 50 55 63 1 97 1 01 1 06 1 65 858 

-- -- -- -- -- -- --

Total $369 $422 $495 $651 $706 $1 ,099 $1 ,491 $1 ,497 $1 ,697 $2,31 1 $1 0,738 

Research and Development Expenditures (Table 1 0) 

Ai r 37 47 50 53 49 45 57 56 58 64 51 6 
Water 6 8 7 1 0  1 1  1 0  1 4  1 2  1 3  1 8  1 09 
Land and Other 3 3 5 3 5 4 2 4 5 9 43 

-- -- -- -- -- -- -- -- --
--

Tota l $46 $58 $62 $66 $65 $59 $73 $72 $76 $91 $668 

* Data are shown as reported to API; they do not represent 100 percent of the expenditures. 

SOU RCE: American Petroleum Institute, Environmental Expenditures of the United States Petroleum Industry, 1981.  



TABLE 7 

TOTAL ENVIRONMENTAL EXPENDITURES OF THE PETROLEUM INDUSTRY, 1 971 -1 980* 
(Millions of Dollars) 

Year 

1 971 1 972 1 973 1 974 1 975 1 976 1 977 1 978 1979 

AIR :  
Capital 391 305 436 527 601 536 339 429 561 
Administrative, Operating , 

and Maintenance 1 43 1 98 251 352 389 635 792 864 997 
Research & Development 37 47 50 53 49 45 57 56 58 

-- -- -- -- -- --
Total $571 $550 $737 $932 $1 ,039 $1 ,21 6 $1 , 1 88 $1 ,349 $1 ,61 6 

WATER: 
Capital 224 1 84 1 94 271 356 41 1 434 340 394 
Administrative, Operating , 

and Maintenance 1 85 1 87 201 249 262 401 502 532 594 
Research & Development 6 8 7 1 0  1 1  1 0  1 4  1 2  1 3  

-- -- -- -- -- --
Total $41 5 $379 $402 $530 $629 $822 $950 $884 $1 ,001 

LAND AND OTHER: 
Capital  57 51  52 97 396 269 1 84 89 92 
Administrative, Operating , 

and Maintenance 41 37 43 50 55 63 1 97 1 01 1 06  
Research & Development 3 3 5 3 5 4 2 4 5 

-- -- -- -- --
Total $1 01 $91 $1 00 $ 1 50 $456 $336 $383 $ 1 94 $203 

AIR ,  WATER, LAN D  
A N D  OTHER: 

Capita l  672 540 682 895 1 ,353 1 ,2 1 6  957 858 1 ,047 
Administrative, Operating , 

and Maintenance 369 422 495 651 706 1 ,099 1 ,491 1 ,497 1 ,697 
Research & Development 46 58 62 66 65 59 73 72 76 

-- -- -- -- -- -- --
Total $1 ,087 $1 ,020 $ 1 ,239 $1 ,61 2 $2, 1 24 $2,374 $2,521 $2,427 $2,820 

* Data shown are as reported to API ;  they do not represent 100 percent of the expenditures. 

t.:l I SOU RCE: American Petroleum I nstitute, Environmental Expenditures of the United States Petroleum Industry, 1981 .  
....... 

Total 

1 980 1 971-1980 

728 4,853 

1 ,392 6,01 3 
64 51 6 

-- --
$2, 1 84 $1 1 ,382 

527 3,335 

754 3,867 
1 8  1 09 

-- --
$1 ,299 $7,31 1 

1 83 1 ,470 

1 65 858 
9 43 

-- --

$357 $2,371 

1 ,438 9,658 

2,31 1 1 0,738 
91 668 

-- --

$3,840 $21 ,064 
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TABLE 8 

IENVUIROINIMEINITAl CAIPITAO. IEXIPEINIDUTURES OF THE PETROLEUM INDUSTRY, 1 971 -1 980* 
(Millions of Dollars) 

Yearr Tc1IBIU 
--

1 971 1 972 1 973 1 974 1 975 1 976 1 977 1 978 1 979 1 980 1 971 -1 980 

AIR :  
Exploration & Production 1 5  1 7  1 4  27 59 85 68 59 55 1 23 522 
Transportation 8 3 1 0  22 37 30 26 20 1 5  33 204 
Marketing 39 21  43 1 05 55 36 1 5  1 8  43 74 449 
Manufacturing 329 264 369 373 450 385 230 332 448 498 3,678 

-- -- -- -- -- -- -- -- -- -- --

Total $391 $305 $436 $527 $601 $536 $339 $429 $561 $728 $4,853 

WATER: 
Exploration & Production 82 68 62 92 1 1 7 1 35 1 87 206 240 31 6 1 ,505 
Transportation 20 1 6  22 37 84 57 45 38 35 50 404 
Marketing 1 0  1 4  1 7  1 9  25 1 6  1 3  1 3  1 9  38 1 84 
Man ufacturing 1 1 2  86 93 1 23 1 30 203 1 89 83 1 00 1 23 1 ,242 

-- -- -- -- -- -- -- -- -- --

Total $224 $1 84 $1 94 $271 $356 $41 1 $434 $340 $394 $527 $3,335 

LAN D  AND OTHER: 
Exploration & Production 1 3  22 27 38 57 70 54 59 63 1 20 523 
Transportation 6 8 9 37 322 1 88 1 06 1 8  1 2  1 4  720 
Marketing 1 1  1 4  8 6 4 3 3 4 3 1 4  70 
Manufacturing 27 7 8 1 6  1 3  8 21 8 1 4  35 1 57 

-- -- -- -- -- -- -- -- -- --

Total $57 $51 $52 $97 $396 $269 $1 84 $89 $92 $1 83 $1 ,470 

A IR, WATER, LAN D  
AN D OTHER: 

Total $672 $540 $682 $895 $1 ,353 $1 ,21 6 $957 $858 $ 1 ,047 $1 ,438 $9,658 

* Data shown are as reported to API ;  they do not represent 1 00 percent of the expenditures. 

SOURCE: American Petroleum Institute, Environmental Expenditures of the United States Petroleum Industry, 1981 . 



TABLE 9 

ENVIRONMENTAl ADMINISTRATIVE, OPERATIN G, AND MA�NTENANCE EXPENDITURES 
OF THE IPIETROLIEUJM � NDUSTIRY, 1 971-'1980* 

(Millions of Dollars) 

Year Total 

197'11 11 972 11 973 '11 974 '11 975 1 976 1 977 1 978 1 979 1 980 1 971 -198(]1 
-- -- -- -- -- -- -- -- -- --

AIR :  
Exploration & Production 8 8 1 2  1 5  20 21 28 32 35 62 241 
Transportation 6 3 4 3 7 1 6  1 1  1 2  1 2  1 6  90 
Marketing 1 3  1 5  21 43 34 24 30 29 37 52 298 
Man ufacturing 1 1 6  1 72 21 4 291 328 574 723 791 91 3 1 ,262 5,384 

-- -- -- -- -- -- -- -- -- -- --

Total $1 43 $ 1 98 $251 $352 $389 $635 $792 $864 $997 $1 ,392 $6,01 3 

WATER: 
Exploration & Production 84 66 69 90 87 1 1 5 1 41 1 54 1 73 2 1 5  1 , 1 94 
Transportation 21 1 5  1 6  25 28 46 37 36 35 39 298 
Marketing 5 6 7 8 1 1  1 3  1 3  22 1 9  24 1 28 
Man ufactu ri ng 75 1 00 1 09 1 26 1 36 227 31 1 320 367 476 2,247 

-- -- -- --

Total $1 85 $1 87 $201 $249 $262 $401 $502 $532 $594 $754 $3,867 

LAN D AND OTHER: 
Exploration & Production 1 6  1 6  20 24 29 27 31  38 36 52 289 
Transportation 5 9 8 8 8 1 4  1 28 24 1 8  1 9  241 
Marketing 7 4 5 5 3 3 4 5 5 8 49 
Man ufacturing 1 3  8 1 0  1 3  1 5  1 9  34 34 47 86 279 

-- -- -- -- -- -- -- -- -- -- --

Total $41 $37 $43 $50 $55 $63 $ 1 97 $1 01 $1 06 $ 1 65 $858 

A IR, WATER, LAN D  
AN D OTHER: 

Total $369 $422 $495 $651 $706 $1 ,099 $1 ,491  $1 ,497 $1 ,697 $2,31 1 $ 1 0,738 

* Data shown are as reported to API ;  they do not represent 1 00 percent of the expenditures. 

SOU RCE: American Petroleum Institute, Environmental Expenditures of the United States Petroleum Industry, 198 1 .  
I c.v c.v 
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TABLE 1 0  

ENVIRONMENTAL RESEARCH AND DEVELOPMENT EXPENDITURES O F  THE 
PETROLEUM INDUSTRY, 1 971-1980* 

(Millions of Dollars) 

Year Total 

1 971 1 972 1 973 1 974 1 975 1 976 1 977 1 978 1 979 1 980 1 971 -1980 
-- -- - - - - - - -- --

AI R :  
Prod uct 22 1 8  1 9  1 8  1 5  1 8  24 25 21 21  201 
Process 1 4  26 29 33 32 25 30 28 34 40 291 
Sampl ing and Testi ng 1 3 2 2 2 2 3 3 3 3 24 

-- -- - - -- - - - -- -- --

Total $37 $47 $50 $53 $49 $45 $57 $56 $58 $64 $51 6 

WATER: 
Prod uct 2 2 1 2 3 2 4 4 3 4 27 
Process 3 4 4 7 6 7 6 7 9 1 2  65 
Sampl ing and Testi ng 1 2 2 1 2 1 4 1 1 2 1 7  

-- -- - -- - - - - - -- --

Total $6 $8 $7 $1 0 $1 1 $ 1 0  $1 4 $1 2 $ 1 3  $1 8 $1 09 

LAND AND OTHER: 
Product - 1 1 - 1 1 - -

1 2 7 
Process 1 1 2 2 2 2 2 3 3 5 23 
Sampl ing and Testing 2 1 2 1 2 1 - 1 1 2 1 3  

- -- - - - -- --

Total $3 $3 $5 $3 $5 $4 $2 $4 $5 $9 $43 

AIR,  WATER, LAN D  
AN D OTHER: 

Total $46 $58 $62 $66 $65 $59 $73 $72 $76 $91 $668 

· oata shown are as reported to API ;  they do not represent 100 percent of the expenditures. 

SOURCE: American Petroleum I nstitute, Environmental Expenditures of the United States Petroleum Industry, 1981. 
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TABLE 11 

TOTAL ANNUALIZED COSTS Of ENIVIRONMENTAL REGULATIONS 
TO THIE IPETIROliEUJM UNIOIUISTIR!Y* 

(Millions of 1979 Dollars) 

1 985 �990 
1970 1975 1980 Anticipated Anticipated 

Air 

Exploration and Prod uction 26 88 320 600 850 
Transportation 23 73 80 1 1 0 
Refin ing 540 3,400 5,300 5,900 5,800 
Distribution and Marketing 220 31 0 350 330 
Al l Sectors 566 3,700 6, 1 00 6,900 7,800 

Water 

Exploration and Prod uction 1 ,400 2,400 3,600 4,900 5,500 
Transportation 3 42 1 20 41 0 440 
Refin ing 290 1 ,000 1 ,900 2, 1 00  2,200 
Distribution and Marketing 48 1 80 1 80 1 80 
Al l Sectors 1 ,700 3,500 5,800 7,600 8,300 

Sol id 

Exploration and Prod uction 23 35 45 54 40 
Transportation 
Refin ing 
Distribution and Marketing 
Al l Sectors 23 35 45 54 40 

Other Pol l ution 
(Odor, Noise, etc.)  

Exploration and Production 1 9  1 9  1 9  1 9  1 9  
Transportation 1 65 82 82 81 
Refin ing 2 50 320 8 10  830 
Distribution and Marketing 
Al l Sectors 22 1 30 420 910  930 

Al l Pol lution 

Exploration and Production 1 ,400 2,600 4,000 5,600 6,400 
Transportation 4 1 30 270 570 630 
Refin ing 830 4,400 7,500 8,800 8,800 
Distribution and Marketing 270 490 530 500 
Al l Sectors 2,300 7,400 1 2,000 1 5,000 1 6,000 

Unallocated 

Al l Sectors 80 1 60 220 230 230 

Grand Total $2,400 $7,500 $1 3,000 $1 6,000 $1 7,000 

* Excl udes RCRA costs. Totals may not equal the sum of columns d ue to i ndependent round ing .  

SOURCE: Battelle Col u mbus Laboratories, The Cost of Environmental Regulations to the Petroleum Industry, Ju ly  31 , 1980. 
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TABLE 1 2  

CUMULATIVE CAPITAL INVESTMENT EXPENDITURES O N  ENVIRONMENTAL 
REGULATIONS BY THE PETROLEUM INDUSTRY* 

(Millions of 1979 Dollars) 

1985 1 990  
1970 1 975 1980 Anticipated Anticipated 

Air 

Exploration and Production 76 270 820 1 ,400 2,000 
Transportation 52 1 60 1 80 290 
Refin ing 1 ,800 7,400 1 1 ,000 1 3,000 1 9,000 
Distribution and Marketing 800 1 2,000 1 ,800 2,000 
Al l Sectors 1 ,900 8,500 1 3,000 1 6,000 23,000 

Water 

Exploration and Production 4,700 7,200 1 1 ,000 1 6,000 21 ,000 
Transportation 7 1 1 0 31 0 1 ,300 1 ,500 
Refin ing 850 2,600 4,800 5,900 7,500 
Distribution and Marketing 21 0 540 540 540 
Al l Sectors 5,600 1 0,000 1 6,000 24,000 30,000 

Sol id  

Exploration and Production 
Transportation 
Refin ing 
Distribution and Marketing 
Al l Sectors 

Other Pol lution 
(Odor, Noise, etc. )  

Exploration and Prod uction 1 5  90 1 70 240 320 
Transportation 6 260 330 330 330 
Refin ing 1 1 80 1 ,200 2,900 3,000 
Distribution and Marketing 
Al l Sectors 22 530 1 ,600 3,500 3,700 

Al l Pol lution 

Exploration and Prod uction 4,800 7,600 1 2,000 1 7,000 23,000 
Transportation 13  420 790 1 ,900 2, 1 00 
Refin ing 2,700 1 0,000 1 7,000 22,000 30,000 
Distribution and Marketing 1 ,000 1 ,700 2,300 2,600 

Grand Total $7,500 $1 9,000 $31 ,000 $43,000 $57,000 

*Excl udes RCRA costs. Totals may not equal the sum of col umns d ue to i ndependent rounding .  

SOURCE: Battelle Colu mbus Laboratories, The Cost of Environmental Regulations to the Petroleum Industry, July 31 ,  1 980. 
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TABLE 13  
ANNUAL CAPITAL INVESTMENT ON ENVIRONMENTAL 

EXPENDITURES BY THE PETROLEUM INDUSTRY* 
(Millions of 1979 Dollars) 

1 985 1990 
1970 1975 1980 Anticipated Anticipated 

Air 

Exploration and Prod uction 1 9  78 1 60 1 20 1 20 
Transportation 32 26 1 
Refin ing 1 ,500 610 1 ,000 21 3 390 
Distribution and Marketing 390 52 1 50 33 
Al l Sectors 1 ,500 1 , 1 00 1 ,200 500 550 

Water 

Exploration and Prod uction 470 610 890 1 ,000 1 ,000 
Transportation 7 44 1 3  205 22 
Refin ing 1 70 480 1 30 200 41 0 
Distribution and Marketi ng 3 1 40 
Al l Sectors 640 1 , 1 00 1 ,000 1 ,400 1 ,400 

Sol id 

Exploration and Production 
Transportation 
Refin ing 
Distribution and Marketing 
Al l Sectors 

Other Pol l ution 
(Odor, Noise, etc.) 

Exploration and Production 1 5  1 5  1 5  1 5  1 5  
Transportation 6 68 
Refin ing 1 1 70 1 70 1 2  1 8  
Distribution and Marketing 
Al l Sectors 22 250 1 80 27 33 

Al l Pol lution 

Exploration and Production 500 700 1 ,000 1 , 1 00  1 1 ,000 
Transportation 1 3  1 40 1 3  230 23 
Refin ing 1 ,700 1 ,300 1 ,300 430 820 
Distribution and Marketing 390 52 1 50 33 

Grand Total $2,200 $2,500 $2,500 $1 ,900 $2,000 

* Excl udes RCRA costs. Totals may not equal the sum of columns d ue to i ndependent round ing.  

SOURCE: Battelle Columbus Laboratories, The Cost of Environmental Regulations to the Petroleum Industry, July 3 1 , 1 980. 
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TABLE 14 

NET OPERATING COSTS OF ENVIRONMENTAL REGULATIONS 
BY THE PETROLEUM INDUSTRY* 

(Millions of 1979 Dollars) 

1985 1 990 
1970 1975 1 980 Anticipated Anticipated 

Air 

Exploration and Production 8 27 1 40 280 420 
Transportation 1 1  38 39 43 
Refin ing 1 1 0 1 ,600 2,800 3, 1 00  3,000 
Distribution and Marketing 40 39 -50 -81 
Al l Sectors 1 20 1 ,700 3,000 3,400 3,300 

Water 

Exploration and Prod uction 320 830 1 ,200 1 ,400 1 ,400 
Transportation 1 1 8  47 93 93 
Refin ing 93 400 770 860 920 
Distribution and Marketing 57 57 57 
Al l Sectors 41 0 1 ,200 2, 1 00 2,400 2,500 

Sol id 

Exploration and Production 23 35 45 54 40 
Transportation 
Refin ing 
Distribution and Marketing 
Al l Sectors 23 35 45 54 40 

Other Pol lution 
(Odor, Noise, etc. )  

Exploration and Production 
Transportation 6 8 8 8 
Refin ing 7 51 1 30 1 35 
Distribution and Marketing 
Al l Sectors 1 3  59 1 40 1 40 

Al l Pol l uti on 

Exploration and Production 350 900 1 ,400 1 ,700 1 90  
Transportation 1 35 93 1 40 1 40 
Refin ing 200 2, 1 00 3,600 4, 1 00  4,000 
Distribution and Marketing 40 97 7 -26 
Al l Sectors 500 3,000 5,200 6,000 6,000 

Unal located 

Al l Sectors 80 1 60 220 230 230 

Grand Total $630 $3,200 $5,400 $6,200 $6,200 

* Excludes RCRA costs. Totals may not equal the sum of col umns d ue to independent rounding.  

SOURCE: Battelle Col umbus Laboratories, The Cost of Environmental Regulations to the Petroleum Industry, July 31, 1980. 
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TABLE 1 5  

ESTIMATED INCREMENTAL POLLUTION ABATEMENT EXPENDITURES-1 979-1 988* 
{Billions of 1 979 Dollars) 

1 979 1 988 Cumulative (1 979-1 988) 
Operation Operation Operation 

and Annual Total and Annual Total and 

Mainte- Capital Annual Mainte- Capital Annual Mainte- Capital Total 
Program nance Costst Costs nance Costst Costs nance Costst Costs 

Ai r Pol l ut ion 
Publ ic  1 . 2 0.3 1 .5 2.0 0.5 2.5 1 5.8  3 .7  1 9. 5  
Private 

Mobi le 3.2 4.9 8. 1 3 .7 1 1 .0 1 4.7  32. 1 83. 7  1 1 5.8 
Industrial  2.0 2.3 4.3 3.0 4. 1 7 . 1  25.8 33.0 58.8 
Electr ic Uti l it ies 5.5 2.9 8.4 7.6 5.7 1 3.3 62.3 42.7 1 05.0 

--

Subtotal 1 1 .9 1 0.4 22.3 1 6.3 2 1 .3 37.6 1 36.0 1 63 . 1  299. 1 

Water Pol l ut ion 
Publ ic  1 . 7 4.3 6.0 3.3 1 0.0 1 3.3 25. 1 59. 2  84.3 
Private 

I n d ustria l  3.4 2.6 6.0 5.4 4.5 9.9 42.0 34.0  76.0 
Electric Uti l it ies 0.3 0.4 0.7 0.3 0.9 1 . 2 2.9 6.5 9.4 

--- --

Subtotal 5.4 7.3 1 2.7  9 .0  1 5.4 24.4 70.0 99.7 1 69.7 

Sol i d  Waste 
Pu bl ic  < 0.05 < 0.05 < 0.05 0.4 0.3 0.7 2.6 2.0 4.6 
Private < 0.05 < 0.05 < 0.05 0.9 0.7 1 .6 6.4 4.4 1 0.8 -- --

Su btotal < 0.05 < 0.05 < 0.05 1 .3 1 .0 2.3 9.0 6.4 1 5.4 

Toxic  Su bstances 0. 1 0 .2 0 .3 0.5 0.6 1 . 1  3.6 4.6 8 .2 
Dri n k i ng Water < 0.05 < 0.05 < 0.05 0. 1 0.3 0.4 1 .3 1 .4 2 .7  
Noise < 0.05 0. 1 0. 1 0 .6 1 .0 1 .6 2.6 4.3 6.9 
Pesticides 0. 1 < 0.05 0 . 1  0. 1 < 0.05 0. 1 1 .2 < 0.05 1 .2 
Lan d  Rec lamation 0.3 1 . 1 1 .4 0.3 1 .2 1 .5 3.8 1 1 .5 1 5.3  

---

Total $1 7.8  $1 9. 1  $36.9 $28. 2 $40.8 $69.0 $227.5 $291 .0 $51 8 .5 
· Incremental costs are those made in  response to federal legislation beyond those that would have been made in  the absence of that legislation.  
tlnterest and depreciat ion. 
SOURCE: Counci l  o n  E n v i ro n m e n t a l  Qual i ty .  Environmental Quality. 1 980. 
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Chapter Two 

Petroleum Industty Operations 
and the Environment 

Introduction 

In updating i ts 1 97 1  report. Environmen­
tal Conseroation-The Oil and Gas Indus­
tries, the Council reviewed the progress made 
by the petroleum i ndustry over the last decade 
in meeting the public needs for both energy 
and environmental qual ity. The following dis­
cussions exami ne the operations and particu­
lar environmental considerations of each of 
the major segments of the petroleum industry: 
exploration and production: refining; and stor­
age, transportation, and marketing. In addi­
tion, the issues of petroleum product use, the 
fate and effects of spills of oil and hazardous 
substances, and energy facility siting are 
briefly examined. These discussions are pre­
sented in more detail in a report expected to 
be published by the Council in mid- 1 982. 

Exploration and Production 

Industry Operations 
The many facets of oil and gas exploration 

and production operations are interrelated 
and interdependent. functioning concurrently 
for most of the l ife of a producing area. These 
operations occur in many envi ronments, from 
desert to frozen tundra. onshore and offshore. 
Wh ile geograph ic and weather extremes can 
require some unique operati ng practices, most 
exploration and production operations follow 
the methods described below and illustrated in 
Figure 9. 

Exploration begins wi th geological and 
geophysical work and conti nues through the 
drill i ng and evaluation of one or more wells. 
only 1 0  percent of which are productive on 
average. Evaluation usually does not stop with 
the completion of a discovery well.  Confirma­
tion and extension wells are necessary to 
determine if the reservoir is of commercial 
quality and size. After a sufficient volume of 

producible oil and/or gas has been confirmed. 
product ion facilit ies are installed. development 
wells drilled. transportat ion to refi neries 
arranged. and production init iated . 

Duri ng the productive l ife of a field. it is  
usually necessary to re-enter produci ng wells 
to do repai rs and modifications. such as 
production sti mulation. control of produced 
waters. and con trol of formation sand i ncur­
sion. When the natural reservoir  pressure of 
an oi l  reservoi r  decli nes and an oi l  well no 
longer flows, artificial l i ft devices (pumps) are 
usually installed . For gas wells. compressors 
are freq uen tly installed to increase the rate of 
gas production and thus t he producing l ife of 
the reservoir. 

Gas produced with oil .  or from gas wells. 
may contai n sufficient heavy hydrocarbons to 
justifY the installation of processi ng equip­
ment for extraction of the natural gas l iquids. 
Contaminants such as carbon dioxide and 
hydrogen sulfide must be removed from natu­
ral gas prior to transportation to markets. 

The productive l ife of many oil  fields is 
extended by water flood or gas injection 
(secondary recovery). In  add i t ion. some oil  
reservoirs can be revived by injection of steam. 
carbon dioxide. or chemicals ( tertiary 
recovery). 

As producing wells become uneconomic, 
they must be plugged with cement, salvageable 
casing pulled, surface equipment removed, and 
the surface area restored i n  a manner that will 
comply with the terms of the lease and the 
requirements of the regulatory agencies. 

The length of time from the start of 
exploration until full production may be from 
five to ten years, while the productive life of a 
field can be 25 to 50 years, or longer. As the 
primary terms of leases become shorter and 
more small reservoirs are placed in production, 
these time estimates will decrease. 
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U.S. Resource Base 

In order to place the domestic po tential oi l  
and gas recovel)' i nto perspective, the followi ng 
resource base est imates are presented. These 
est i mates are represen tative of the many 
objective and impartial assessments that have 
been made i n  recent years: i ncl usion i n  this 
section does not denote NPC endorsement. 

Conventionally Producible Oil and Gas 
The U.S. Geological Survey ( USGS) Febru­

al)' 1 98 1  es timates of undiscovered recovera­
ble oil and gas resources are presented on 
Table 1 6. Access to much of  the offshore oil  
and gas potential is  con trolled by the federal 
govern men t. while onshore. access to potential 
resource development areas is determ i ned by 
federal . state. local, and Indian governments. 
and private land owners. 

The NPC independently conducted an 
assessment of recoverable oil and gas re­
sources for all areas under U.S. jurisdiction 
north of the Aleutian Islands offshore, and 
north of the Brooks Range onshore. The 
Council estimates the volume of undiscovered 
potentially recoverable hydrocarbons on the 
North Slope of Alaska to be 1 2.8 billion barrels 
of oil equivalent (BBOE), and from the Bering, 

Beaufort. and Chukchi regions offshore to be 
30.8 BBOE. While these estimates are not 
strictly comparable (e.g., the USGS excludes 
natural gas liquids and in some instances the 
USGS and NPC considered different minimum 
field sizes), there is general agreement between 
the NPC and the USGS on total Arctic 
potential. Details of the NPC's assessment are 
published in its 1 98 1  report, U.S. Arctic Oil 
and Gas, and are summarized in Appendix E 
of this report. 

Tight Gas Reservoir Potential 
I n  1 980, the NPC completed an assess­

ment of potent ial resources of and recovel)' 
from t igh t gas reservo i rs. These reservoirs are 
defi ned as blanket or len t icular natural gas 
formations that have an i n  situ effective 
permeabil i ty o f  less t han 1 mill idarcy. The 
results i ndicate that a range of between 1 92 
t ri l l ion cubic feet (TC FJ and 574 TCF of tight 
gas are recoverable. depe nd i ng upon price and 
tech nology. 1 

Enhanced Oil Recovery Potential 
1n 1 978 the Office of Tech nology Assess­

ment u ndertook an assessment of potential oil 
recovel)' thro ugh enhanced techniques-any 
met hod used to recover oi l  from a petroleum 

TABLE 1 6  

USGS 1 981 Estimates of Undiscovered 
Recoverable Oil and Gas Resources 

Crude Oil Total Natural Gas 
(billion barrels) (trillion cubic feet) 

Low High Low 
Region Fgs * Meant F95* Fs Meant 

Lower 48-0nshore 36. 1 47.7 62.0 288.6 390.3 
Lower 48-0ffshore 8.7 1 5.8 25. 1 66. 1 1 02.4 
Alaska-Onshore 2.5 6.9 1 4.6 1 9.8 36.6 
Alaska-Offshore§ 4.6 1 2.3 24.2 33.3 64.6 

(Shelf and Slope) 

Total United States 64.3 82.6 1 05. 1 474.6 593.9 

* F95 denotes the 95th fracti le; the probabil ity of more than the amount F95 is 95 percent. F5 is defined simi larly. 
tMean values may not be precisely additive d ue to rounding.  

High 
Fs 

525.9 
1 48.2 

62.3 
1 09.6 

739.3 

§Incl udes q uantities considered recoverable only if technology permits their exploration beneath Arctic pack ice-a condition 
not yet met. 

SOURCE: U.S. Geological Survey, Estimates of Undiscovered Recoverable Resources of Conventionally Producible Oil and 
Gas in the United States, A Summary, February 1 981 . 
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reservoir over and above what would be 
obtained by conventional.  primary recovery 
techniques. The Offict? of Tech nology Assess­
ment estimated that 49.2 bil lion barrels of 
heavy oil could be recoverable a t  a market 
prict? of S30 per barrd. 2 

Environmental Considerat ions 
The major environmental issue confront­

ing oil and gas exploration and development 
i n  the 1 980's concerns adequate access to 
government lands. In order to develop the 
nation's oil and gas resources. the industry 
must first be allowed access to the land to 
determine the extent of the resources and, if  
they are economic, be permi tted access to 
develop those resources in an environmentally 
acceptable manner. The following discussion 
describes the land use. access. and permitting 
issues and the exploration and production 
segments' air. water. and waste management 
considerations. 

Land Use-Onshore 

The federal government owns over one­
third of the nation's onshore lands-about 
728 million of the 2.3 billion acres in the 
United States (see Figure 1 0). In addition, the 
federal government retains mineral rights to 
over 60 million acres of state and private 
land.3 The agencies' responsibil ity for manag­
ing and administering these lands are shown 
in Table 1 7. The principal authority rests with 
the Department of the Interior's Bureau of 
Land Management (BLM ) and the Department 
of Agriculture's Forest Service. 

Federal Land Policy and Management Act of 
1 976. The Federal Land Policy and Manage­
ment Act of 1 976 ( FLPMA) established a 
comprehensive plan for the management of 
government lands under the j urisdiction of 
BLM. Over the years. the BLM 's authority had 
been based on hundreds of government land 
Jaws. many of which had become obsolete. 

Congress identified a number of policy 
objectives i n  FLPMA: 

• Sound management of government lands 
should involve the land-use planni ng pro­
cess. As an essential part of the land-use 
planning process. FLPMA requires the BLM 
to "prepare and maintain . . .  an inventory 
of all public lands and their resource and 
other values." 

Closely related to the general inventory is 
the special inventory required as a part of 
the BLM Wilderness Study. Under these 
provisions. the BLM is to undertake a 
special review of government lands in road-
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less areas of 5,000 acres or more. The 
Wilderness Study is to be completed by 
1991 and is intended to identify areas that 
might be included i n  the National Wilder­
ness Preservation System (NWPS) estab­
lished under the Wilderness Act. As of 
November 1 8. 1 98 1 .  the BLM had invento­
ried all 1 73.7 million acres of roadless areas 
under i ts jurisdiction. Over 1 49 million 
acres were determi ned to Jack wilderness 
characteristics. and 24.3 million acres were 
determined to have wilderness characteris­
tics.4 Those areas not designated for wilder­
ness will be managed under land-use plans 
in accordance with FLPMA's land-use plan­
ning process. 

• In general, government lands should be 
managed on the basis of sustained yield 
and multiple use, with special recognition of 
the nation's need for domestic sources of 
minerals. food, timber, and fiber. 

• Management for certain purposes may 
necessitate withdrawal. As an exception to 
the general principle of sustained yield­
multiple use management. certain lands 
may be wi thdrawn. For areas of less than 
5.000 acres, the Secretary of the Interior has 
the discretion to withdraw lands for specific 
periods of time. For areas of 5.000 acres or 
more. the Secretary may recommend with­
drawal for a period of up to 20 years. 
subject to Congressional approval. FLPMA 
also provides that, if an emergency exists. 
Congress or the Secretary can immediately 
withdraw lands. but for no longer than 
three years. 

• Areas of critical environmental concern 
(ACEC )  deserved prompt protection. The 
BLM program administering ACEC seeks to 
protect environmental characteristics in 
areas where uncontrolled development could 
harm fragile ecosystems or cultural, histori­
cal, or scenic resources. To date, definitions 
are loose and guidelines offer little insight 
as to what BLM lands qualify as ACEC. 

The Wilderness Act. The Wilderness Act of 
1964 established a 1 5-million-acre system of 
wilderness areas. Under this and other acts 
total acreage of wilderness areas has since 
increased to 80 million acres. a more than 
five-fold increase. 

While the Act i tself provides that these 
lands are open to oil and gas exploration 
activi ties until December 3 1 .  1 983. very few oil 
and gas leases have been issued in wilderness 
areas. The wilderness designation is the most 
exclusionary single-use designation that can 
be applied to government lands. Motorized 
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one -third by the Alaska Lands Act of 1 980 ( P L  96-487 ) .  



TABLE 1 7  

ACRES OF LAND MANAGED B Y  FEDERAL AGENCIES* 

Million Acres as of Percentage of Total 
Agency June 1, 1981 U.S. Onshore Land 

Department of the I nterior 
Bureau of Land Management 338.0 1 6.9 
Fish and Wi ld l ife Service 85.0 4.5 
National Park Service 70.6 3.5 

Department of Agriculture 
Forest Service 1 90.0 9.5 

Department of Defense 35.0 1 .7 

Remain ing Agencies 1 0.0 0.5 

Total 727.6 36.4 

*Source of data: Envi ronmental Pol icy Center et a l . ,  Minerals and the Public Lands, 1 98 1 .  Totals may not add d ue to rounding.  

vehicles, roads, and permanent campsites are 
prohibited in wilderness areas; travel in these 
areas can only be on foot. on horseback. or by 
canoe. Thus, unlike national parks, relatively 
few persons enter wilderness areas. 

In addition to the 79.8 million acres now 
designated as wilderness within the NWPS 
(including 56.2 million acres in Alaska), as 
many as 9.9 million acres could be added 
under the Forest Service's second Roadless 
Area Review and Evaluation (RARE II) pro­
gram.5 Another 7.6 million acres of forest 
lands, known as future planning areas, and 
23.7 million acres of BLM Wilderness Study 
Areas could be added to the NWPS. Thus, 
through these reviews alone. the wilderness 
system could be larger than 1 20 million acres, 
more than 1 6  percent of all government 
onshore lands. 6 

In past years, oil companies have been 
reluctant to attempt to explore on wilderness 
lands when other prospective acreage. not 
subject to restrictions under the Wilderness 
Act. was more readily accessible. But the need 
to increase domestic energy production and 
reduce dependence on foreign oil has provided 
an urgency to explore for oil and gas on 
wilderness lands. Oil and gas operations are 
compatible with wilderness areas; it has been 
demonstrated repeatedly that oil facilities can 
operate safely with only temporary and min­
imal disturbance to the environment. 
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Land Access and Land Withdrawals. Histori­
cally. government actions promoted access to 
government land for settlement and resource 
development. Historical and statutory prece­
dent notwithstanding. certain Congressional 
and Executive Branch actions have served to 
restrict such access. 

Taking a variety of forms and havi ng 
varying procedures. withdrawals of govern­
ment land from the operation of the general 
land laws can be achieved in several ways. 
Withdrawal from mi neral entry and leasing 
may be made by fi l ing appl ications for wi th­
drawals. land selection. reservation. classifica­
tion. or other actions that restrict access. 

It is i mpossible to determine how much 
land is presently wi thdrawn, due to the 
number of ways in which land has been 
wi thdrawn. restricted. or made unavailable to 
mi neral entry or leasing. The difficulty is  
compounded by the absence of accurate 
records within the federal agencies and by 
failures to act on applications for permits for 
use. wh ich becomes a wi thdrawal i n  fact. 

In  1 98 1 .  the General Accounting Office 
(GAO) published a review of withdrawals of 
government lands from oil and gas leasing in 
five states. 7 Of the more than 6 million acres 
of administratively withdrawn land, the GAO 
found almost 55 percent of the land studied in 
those five states to  have oi l  and gas potential 



under the USGS criteria applied to the evalua­
tion. I n  addi tion. the GAO found over 1 4  
million acres formally withdrawn. 55 percent 
of which had oil and gas potential .  The GAO 
esti mated that 64. 1 mill ion acres of govern­
ment  lands were closed to federal leasing as of 
1 979, and as of February 1 980. there were 
withdrawal applications pend i ng on an addi­
tional 4.3 million acres of BLM land. The GAO 
also exami ned the total amount of government 
land that the USGS considered to be prospec­
tively valuable for oi l  and gas for each of 40 
states (excluding Alaska) .  I ts analysi s  showed 
that 26 1 mill ion acres of the total of 404 
million acres of federal land met i ts criteria of 
"prospectively valuable." 

Accordi ng to Department of the Interior 
figures, to date the BLM has i nitiated with­
drawal review with respect to approximately 
67.9 million acres of land. Many of these 
withdrawals are for nonconservation reasons. 
e.g . .  Department of Defense facilities. About 
1 8.9 million of those acres are segregated from 
mineral leasing. The Department of the Inte­
rior has stated that i ts fi rst p riority is to 
complete withdrawal review of approximately 
29 withdrawals located in the Overthrust Belt 
in Idaho. Montana Utah. Nevada, and 
Arizona s 

Forest Service and BLM Planning Programs. 
By statute. land management  plans must be 
written and updated for all Forest Service or 
BLM lands. The emphasis is on surface 
management and. theoretically. a plan should 
anticipate all potential land uses. If  conflicts 
exist. the plan should designate the preferred 
alternative. Any surface-disturbing acti vi ty not 
anticipated in a land-use plan is  not permitted 
until  and unless the plan is revised. 

In general. land-use plans developed to 
date i nadequately address oil  and gas explora­
tion and development. The NPC is concerned 
that the management  processes. i n  their 
present  state as reflected i n  those plans. could 
perpetuate a climate of uncertain ty  and res­
triction regarding petroleum. especially since 
the quantification of subsurface resources is 
imprecise when compared with the ready 
identification and quantification of surface 
resources. 

Three topic areas will h ighlight this con­
cern: definition. data adequacy. and atti tude. 

• Definition. Planners are not agreed on a 
definition of multiple use. Whether that 
term means co-existence or partitioned 
exclusivity is unclear. The issue is critical, 
because the statutory language mandating 
multiple use has been interpreted differ-

ently. Forest Service language derives from 
the 1 960 Multiple-Use and Sustained-Yield 
Act and also implements provisions of the 
1 97 4 Forest Range Land Renewable Re­
sources Planning Act. amended by the 1 976 
National Forest Management Act. The 
thrust of these acts has been to establish a 
sustained yield of forest products and 
services towards target goals. The effect has 
been to set forth a restricted definition of 
multiple use. as it is limited to surface use 
only and does not take i nto account subsur­
face resource goals. The definition in 
FLPMA is somewhat more broad, calling for 
resource utilization in the combination that 
will best meet the present and future needs. 

• Data Adequacy. Data on petroleum poten­
tial are generous in highly drilled areas but 
meager or non-existent in undrilled areas. 
Data overload from other resources. compet­
i ng with a dearth of petroleum-related data 
in undrilled areas. leads to i ncreased atten­
tion to those resources for which the 
plentiful data assures sound footing i n  
planning decisions. The absence of data 
may also cause planners to make i ncorrect 
conclusions as to the presence or absence of 
petroleum potential. Concurrently. Congres­
sional policy dictates multiple use of the 
lands. i nclud i ng oil.  gas. and other minerals. 
The use of the present planning process. 
dependent as i t  is on data adequacy. tends 
to thwart this Congressional policy. 

• Attitude. Planners are i nclined to regard 
petroleum operations as more damaging to 
the environment than has been demon­
strated. There is a tendency to prepare for 
the worst possible case. ignoring countless 
examples of trouble-free oil and gas opera­
tional co-existence with other resource 
values. Some examples are the Aransas 
National Wildlife Refuge. a protected whoop­
i ng crane nesti ng ground in the midst of an 
operating oi l  field; the caribou movement 
under and over the Trans-Alaskan Pipel ine 
System: and offshore production platforms 
that have become marine sanctuaries i n  
themselves. 

Leasing, Bidding, and Lease Stipulations. 
Congressional actions over approximately the 
pas t  15 years and Executive Branch acti ons 
have placed severe restrictions on the multiple 
uses of federally controlled lands. Besause the 
vast majority of wilderness areas. as mandated 
by Congress and through RARE I and II and 
the presen t  BLM Wilderness Study Areas, are 
located on ei ther BLM o r  Forest Service 
managed lands. lease i ssuance. primarily non­
competitive. has become of great concern to 
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the oil and gas industries operating i n  those 
areas. Wi th the increased significance of the 
Overthrust Belt. which lies along the general 
Rocky M ountai n front from Canada virtually 
to Mexico. time delays in lease issuance have 
become a major problem. Some applications 
on lands managed by the Forest Service and 
lying wi thin RARE II  areas have been filed for 
up to seven years without being issued. 

Land management policies currently in 
effect are a fundamental factor in leasing rates 
and activi ties. These policies determine the 
ability of a company to fi nd and develop 
energy resources. It is uncertainty. delay. and 
cumulative restrictions that make leasing on 
federal acreage less economic when compared 
to state or fee lands. This is especially true for 
small operators. who are least able to cope 
wi th these factors. 

In addition. leases in environmentally 
sensitive areas often include "no-surface occu­
pancy" stipulations. making surface access to 
the leasehold impossible. In essence. then, the 
relationship is one where the government on 
the one hand requires payment on lease 
rentals. wh ile on the other it prohibits access 
and contractual lease rights. 

In an effort to streamline the federal 
leasing and bidd ing processes. there must be a 
unification and consolidation of the federal 
regulatory administration as it relates to 
onshore leasi ng. It is most importan t to 
petroleum exploration and production that the 
enti re process be simplified. 

On the state level. each state has its own 
formula for developing and usi ng lease stipula­
tions. As with federal leases. state lease 
stipulations derive their authority primarily 
from state envi ronmental protection laws, and 
leases must comply with all the requirements 
and rules of the state lands department. 

Stipulations on Indian oil and gas agree­
ments vary among tribes and among individ­
ual owners. When negotiating an oil and gas 
contract. an Indian tribe may include stipula­
tions regard ing the employment and training 
of tribal members. profit shari ng. accounting. 
envi ronmental protection, and other matters. 
Oil and gas agreements on Indian lands 
require compliance with any applicable tribal 
ordinances or regulations. 

Onshore Permitting. The result of the enact­
ment of FLPMA and NEPA and subsequent 
regulation on oil and gas development has 
been profound. Operating requirements have 
increased along with regard for the nature and 
extent of information required for submittal in 
plans. steps involved in the permit process. 
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temporal and spatial restrict ions. require­
ments for ancillary permi ts. and general con­
formance to operational standards. procedures. 
and environmental protection requirements. 
Wh ile a majori ty  of the operational changes 
are warranted and have resulted in tangible 
benefits to the envi ronment. the manner of 
implementation has caused delays in the 
permitting of oil and gas activi ties on federal 
lands. 

The Notice of Lessees and Operator No. 6 
Approval of Operations (NTL-6)  is a permit 
program designed by the USGS to comply wi th 
NEPA requirements. I ts objective is to assure 
that operations on oil and gas leases under 
USGS j urisdiction are conducted with due 
regard for envi ronmental protection as well as 
to evaluate the environmen tal impacts of 
proposed operations via the required EIS 
process. Because of the number of discrete 
steps associated wi th the NTL-6 permit pro­
cess. as well as the various agencies and 
individuals involved. multiple delay factors 
frequently are experienced by operators seek­
ing approval of applications. The length of 
time to secure approval of an appl ication for a 
permit to drill has increased from an esti­
mated 1 5  days in 1 976, prior to NTL-6 and 
FLPMA, to a general range of 80 to 1 00 days 
in 1 980. 

Land Use-Offshore 

Outer Continental Shelf Lands Act Amend­
ments of 1 978 (OCSLAA) .  The original Outer 
Continental Shelf Lands Act of 1 953 was a 
brief. clearly wri tten bill focusi ng on the 
orderly development of OCS resources. I t  
authorized the Secretary of the Interior to 
develop the rules and regulations necessary to 
prevent waste. conserve natural resources. and 
protect correlative government and lessee 
righ ts on the federal OCS. The bill also 
permitted geological and geophysical activity 
and directed that leases were to be issued "to 
meet the urgent need for further exploration 
and development of the submerged lands" of 
the OCS. The fi rst oil and gas federal OCS 
lease sale was held in 1 954. Si nce then. 54 
other sales have been held. About 20 mill ion 
acres have been leased and approxi mately 
5,400 wells were producing on the OCS 
in 1 980. 9 

Mter the passage of the 1 953 Act. a 
number of bills were passed that have hin­
dered operations on the federal OCS. Among 
these are NEPA ( 1 970) ;  Marine Protection. 
Research, and Sanctuaries Act of 1 972; Coas­
tal Zone Management Act of 1 976; Clean Air 
Act. as amended in 1 977; Federal Water 



Pollution Control Act (Clean Water Act) .  as 
amended i n  1 977 and 1 978; Marine Mammal 
Protection Act of 1 972; the Endangered Spe­
cies Act Amendments of 1 978; and the OCS­
LAA ( 1 978 ).  Each of these has added to the 
regulatoty burden and restrictions on OCS 
operations and their cumulative effect has 
seriously impeded the development of oil and 
gas resources on the federal OCS. 

The OCSLAA, particularly, have delayed 
and restricted OCS operations, although that 
was not the intent of Congress. They were 
intended to clear the way for accelerated oil 
and gas leasing and development of the federal 
OCS. The amendments: 

• Increased the number of agencies au tho­
rized to regulate certain OCS activities 

• Required the Secretaty of the Interior to 
consider state CZM plans in developing 
five-year lease schedules 

• Provided for greater coastal state participa­
tion in the leasing decision process 

• Mandated certain environmental impact 
studies 

• Provided for cit izen suits 

• Compelled the use of alternative bidding 
systems 

• Requi red the promulgation and implemen­
tation of some 40 new or revised regulations 
on offshore exploration and production 
operations. 

Permitting and licensi ng of OCS activities 
have become much more complicated and, 
therefore. more time-consuming and expen­
sive. The time requi red for the processing of 
exploration plans and development plans has 
increased to an average of 1 1 9 days and 206 
days in 1 980, respectively. as compared to 30 
days for ei ther type of plan prior to 1 978. 1 0 
Moreover, states, local governments, and pri­
vate groups have repeatedly used court chal­
lenges to delay and someti mes force the 
withdrawal of lease sales. 

Coastal Zone Management Act of 1 976 
(CZMA). The CZMA has the effect of providing 
coastal states with virtual veto power over 
federally licensed or permitted activities on the 
OCS. The veto applies if, in  the opinion of the 
coastal state, federally approved activities will 
not be carried out in a manner consistent 
with the federally approved CZM program in 
that state. The CZMA and its regulations 
enable coastal states with approved CZM plans ·
to delay and, in some i nstances, to prohibit 
the issuance of federal l icenses and permits, 
including those needed under OCS oil explora­
tion and production plans. The result may be 
lengthy delays in the energy search offshore. 

Under the CZMA. a state with an approved 
CZM program can prevent the issuance of 
federal licenses and permits, i ncluding those 
needed under OCS plans, for as long as six 
months, simply by not acting on the appli­
cant's consistency certification. If a state 
rejects the consistency certification, the license 
or permi t in question cannot be issued unless 
the Secretary of Commerce overrides the 
state's action on his own initiative or on 
appeal by the appl icant. The grounds on which 
the Secretary can override a state consistency 
decision are extremely narrow. Since there is 
no time limit wi thin which he must act, a final 
decision can be delayed indefini tely. 

Special provisions of the CZMA link fed­
eral consistency with oil and natural gas 
exploration and production plans. However. 
some states (notably California) have asserted 
that such activi ties as OCS tract selection, 
lease stipulations, and lease sales are federal 
activi ties "directly affecting" the coastal zone 
and therefore fall within the coverage of the 
federal consistency requirements. 

In effect. these coastal states contend that 
the Secretaty of the Interior must agree to all 
OCS tract selection and lease stipulations 
recommended by them. The Secretaty of the 
Interior maintains that prelease OCS activi ties 
do not directly affect the coastal zone: this 
issue is currently under court review. 

Coupled with the CZMA's l imited grounds 
for overriding state nonconcurrence, the fed­
eral consistency provisions give the states 
considerable leverage over what was once 
exclusively federal decision-making. This lever­
age can amount to an effective veto and cause 
extensive delay. 

Marine Sanctuaries Program. The Marine 
Sanctuaries Program stems from Title III  of 
the Marine Protection, Research,  and Sanctu­
aries Act of 1 972. In the late 1 960's and early 
1 970's, a number of other laws, includi ng the 
CZMA. were passed to manage and protect air 
and water qual ity, marine mammals, estuaries, 
and endangered species, as well as to preserve 
archaeological and historical values. These 
laws offer substantial protection for ocean 
areas and marine life. 

The Sanctuaries Program is administered 
by the National Oceanic and Atmospheric 
Administration (NOAA) . and the Secretary of 
Commerce is empowered to designate as 
sanctuaries areas of the ocean "which he 
determines necessary for the purpose of pre­
serving or restoring such areas for their 
conservation, recreational. ecological .  or 
esthetic values." Under the original Act, a 
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marine sanctuary designation required the 
approval of the President and became effective 
only if  affected states did not object wi th in a 
60-day period. As amended in 1 980, the Act 
now also provides that Congress has a period 
within which to register i ts objection. For a 
designated marine sanctuary. the Secretary is 
authorized to issue "necessary and reasonable 
regulations to control any activities wi thin the 
designated marine sanctuary." 

1\vo areas proposed as sanctuaries have 
high energy potential :  the Flower Gardens 
Banks (276 square miles around 1 4  miles of 
coral reefs) in the Gulf of Mexico. and the 
Santa Barbara Channel Islands ( 1 ,252 square 
miles above known oil and gas reserves). On 
September 2 1 .  1 980, NOAA designated the 
Santa Barbara Channel Islands Marine Sanc­
tuary. Regulations associated with this desig-. 
nation could have prohibited all future oil and 
gas operations on unsold lease tracts in that 
area However, in this case NOAA suspended 
the oil and gas prohibition until a regulatory 
analysis could be prepared. 

Other areas with potentially large amounts 
of oil and gas, including vast areas of offshore 
Alaska ( 200,000 square miles) and Georges 
Bank, have been or may be proposed as 
sanctuaries. If these vast stretches of ocean 
are designated as marine sanctuaries, drilling 
for oil and gas could be restricted or precluded 
in portions or the entire area. 

Offshore Leasing, Bidding, and Permitting. 
The Five-Year OCS Oil and Gas Leasing 
Schedule is of critical importance to the 
nation's commitment to i ncrease domestic 
energy supply and is a vi tal planning tool for 
both government and i ndustry i n  OCS explo­
ration and development. The interests of the 
nation will be best served by an aggressive and 
predictable schedule; however, many potential 
impediments exist. which, if uncorrected, can 
thwart this objective. Impediments to expedi­
tious OCS exploration and development arise 
from various administrative steps and proce­
dures for each lease sale. M uch of the delay 
resulting from these processes is correctable 
by administrative action. 

The predicted environmental and socio­
economic impacts resulting from OCS sales i n  
frontier areas are limi ted t o  impacts resulting 
from exploratory drilling. Since development 
and production activities will occur only where 
commercial discoveries of oil or gas are 
obtained by the exploratory activi ty, a simpler 
approach would be to limit the initial environ­
mental statement for a frontier sale to consid­
eration of impacts from exploratory drilling. 
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Supplemental statements could be prepared as 
warranted to address development and pro­
duction activi ties. 

Air Quality 

Emissions. The potential for air pollution 
caused by the exploration for oil and gas is 
quite small. For example, geophysical surveys 
do not contribute significantly to air pollution. 

Drilling operations are temporary and 
relatively short term, from a few days or weeks 
to several months. Air emissions during dril­
ling operations occur principally from engines 
developing horsepower to run the drill ing rig 
and related equipment. Most drilling rigs and 
support equipment are powered by diesel 
engi nes. some with natural gas. and a small 
portion with electric power. Engine exhaust 
emissions contain NO x.  CO, unburned hydro­
carbons. particulates. and some sulfur oxides 
(SOxl·  The pollutant of greatest magnitude 
is NOx.  

Production operations emit the same type 
of pollutants as other industrial operations. In  
conventional oi l  operations, air  emissions are 
well controlled and present few problems. 
Technology currently exists to control the SO x 
emissions from steam generators used to 
enhance the production of heavy oil. NO x 
control is continuing to show improvement. 

In cases where sour gas ( natural gas 
containing hydrogen sulfide) requires sweeten­
ing, various treatment methods are used. A 
sulfur recovery plant, generally followed by a 
tail gas treatment unit, can remove nearly all 
the potential sulfur emissions. Efficiencies of 
99.7 percent are being approved as BACT on 
large sour gas plants that have been permitted 
in the Overthrust Belt. 

In the future, PSD restrictions in or near 
Class I and possibly Class II areas could 
adversely impact oil and gas production activi­
ties. This si tuation would most l ikely occur in 
areas of complex terrai n. such as exists in the 
Overthrust Belt. EPA's present modeling crite­
ria for complex terrain situations make it 
extremely difficult for even small emissions of 
cri teria pollutants to comply with the present 
PSD increment levels. 

On March 7, 1 980, USGS published final 
OCSLAA ai r emission regulations and draft air 
quality regulations applicable only to OCS 
activi ties offshore California. The regulations 
require that each proposed OCS facility be 
reviewed on an i ndividual basis to determine 
i ts individual onshore air quality impacts. and 
be reviewed in conjunction with other nearby 



OCS facili ties to predict cumulative onshore 
impacts. 

Examples of production losses encoun­
tered in developing onshore and offshore 
leases and of accelerating production of heavy 
oil in Kern County, California, are presented in 
the Energy Facility Siting section of this 
chapter. In spite of these problems. the 
majority of the exploration and production 
segment of the petroleum industry has been 
able to meet the requirements of the Clean Air 
Act. The larger projects generally get approved 
in less than one year. Permits for small- to 
medium-size projects are issued wi thin three 
to nine months. In some cases, the cost of 
keeping a rig on standby for months is too 
costly and results in cancellation of the 
project. 

Water Quality 

Onshore Operations. The initiation of drilling 
operations has various impacts on the water 
environment. generally all short-lived and 
minor in nature. Drill ing wastes mainly con­
sist of used drilling fluid ( mud ) and formation 
solids (cuttings) .  Drill ing mud is basically a 
suspension of clay in water. It usually contains 
bari te for weight control and low concentra­
tions of specialty chemicals to control viscos­
ity, fluid loss, corrosion. and other mud 
properties. The cutti ngs are small pieces of 
rock produced by the drill bit penetrating the 
formation. 

When drilling an onshore well, a reserve 
pit is used to store the drill ing mud and 
cuttings and to serve as a means for final 
disposal. In certai n areas, government regula­
tions and unique geographic and/or environ­
mental considerations require the use of an 
impervious li ner in a reserve pit .  

Once the well has either been completed 
or abandoned and the drill ing equipment 
moved off location, three major methods of 
handling used drilling fluid are utilized ( in  
order of prevalence) :  

( 1 )  Dewatering pit wastes followed by backfil­
ling the pit using the pit walls 

(2)  Landfarming the waste into the surround­
ing soil 

(3) Vacuum truck removal to a state-approved 
disposal site. 

The last method is specific to unique circum­
stances: i .e. ,  environmentally sensitive and/or 
urban areas. 

There is some concern that surface water, 
groundwater, and soil may be contaminated by 
the leaching of metals in trace quantities from 

buried reserve pi ts. The intrinsic characteris­
tics of drilling mud greatly retard or prevent 
leaching from the reserve pit,  especially after 
disposal, which should elimi nate or greatly 
mini mize such problems. Research projects 
are curren tly under way to clarify any environ­
mental problems caused by abandoned buried 
reserve pits. 

Section 404 of the federal Clean Water Act 
prohibits the discharge of dredge or fill 
material into "navigable waters" of the United 
States without a permit, and establishes the 
U.S. Army Corps of Engineers as the permit­
ting agency. Thus, almost any construction 
activity in a pond, lake, river, wetland, tundra, 
or salt marsh requires a Section 404 permit. 
The Corps notifies other federal, state. and 
local agencies of all permit applications to 
solicit their review and comments prior to 
permit approval. Actual implementation of 
Section 404 of the Clean Water Act by the 
Corps has resulted in lengthy delays. up to 27 1 
days, in  the drill ing of many oil and gas wells. 

The major waste product produced in 
conjunction with oil and gas operations is 
produced water that exists naturally in an oil 
and gas reservoir. Produced water is brought 
to the surface with oil and gas, where i t  is 
typically removed by gravity separation. Once 
separated, the produced water can be rein­
jected in an underground disposal well. 

The use of underground injection wells 
depends upon the availability of geologic 
formations that have sufficient porosity. per­
meabili ty, and areal extent to contai n the 
injected water. Usually, formations that already 
contai n salt water are used. The major concern 
is that the produced water be confi ned and 
that it not contami nate underground sources 
of drinking water. State UIC programs regulate 
the rei njection of produced waters from explo­
ration and production operations. 

Offshore Operations. In offshore operations, 
water-based drilling muds are normally used. 
These low toxicity muds are discharged over­
board i n  accordance with applicable state or 
federal regulations under the limitations set 
forth in individual NPDES or state permits 
controlling the discharges. EPA Region VI 
issued three General Permits covering the 
producing area of the Gulf of Mexico on 
April 29. 1 98 1 .  These permits provided for over­
board discharge of drilling muds and d rill 
cuttings with a limitation of "no free oil" 
controlling the discharge. Discharges occur on 
a day-to-day basis, as the mud system is kept 
in balance for drilli ng operations. Numerous 
studies have shown that these discharges have 
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a minimum or negligible impact on the 
receivi ng waters. 

Met hods other than overboard discharge 
have been considered for di sposal of drill i ng 
muds and cuttings. Transporting these mate­
rials to an authorized ocean dump site is one 
of the alternate methods proposed. The addi­
tional safety hazards of standby storage 
barges or boats at the drill si te. the risk of 
coll isions of these vessels in transit or loss due 
to unpredictable heavy seas, and the air 
pollution caused by the transport vessels must 
be considered wi th the advantage of transport­
ing from one site to another for disposal . The 
same technical and safety problems are 
encountered for transport i ng these materials 
to shore for on-land disposal. which would also 
req uire additional land disposal facili ties. 
Another alternate method to overboard dis­
charging of drilling muds and cutti ngs for 
sensitive areas is the shunti ng or release of 
these materials through pipes well below the 
surface of the waters. If  the sensitive area is 
on the ocean bottom. metered release and/or 
dilution of bulk discharges may be included as 
permit requirements. 

Waste Management 

As mentioned earlier, the major wastes 
generated by exploration and production oper­
ations are produced waters. waste drill ing 
muds, and drill cuttings. In  May 1 980, EPA 
promulgated a very comprehensive set of 
RCRA regulations detail ing a "cradle-to-grave" 
concept of handling and disposing of hazar­
dous/toxic wastes. Exploration and production 
wastes were i ncluded in the proposed regula­
tions as "special wastes," and were proposed to 
be regulated as hazardous wastes. due primar­
ily to the presence of chromium and other 
metals in trace concentrations. 

Under the 1 980 amendments to RCRA the 
wastes directly associated with exploration 
and production were exempted from RCRA 
This amendment also directed EPA to make a 
two-year study of the degree of hazard of these 
wastes. after which Congress will consider 
whether or not to remove the exemption. As of 
October 1 98 1 .  EPA had not initiated the study. 
An independent environmental consulting 
organization is i nvestigating the environmen­
tal impact to surface water. groundwater. soil 
and vegetation from field disposal operations 
of drilling mud wastes and reserve pits. I I  The 
objective of the study is to determine if any 
constituents in drilling mud leach from pits 
containing drilling fluid wastes i n  sufficient 
quantities to present a significant hazard to 
human health or to plants or animals. 
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In the unlikely event that the exemption 
for drill ing muds. produced waters. and asso­
ciated waste is l ifted and oil and gas i ndustry 
exploration activities must comply with the 
full context of the EPA's proposed regulations. 
the costs could be as high as $3 1 bill ion ( i n  
constant 1 978 dollars) .  and a n  additional $3.3 
bill ion per year in direct operating and 
mai ntenance costs based upon the regulatory 
program proposed in December 1 978. 1 2 

Even if Congress continues the RCRA 
exemption for exploration and production or 
chooses to regulate these wastes in a relatively 
modest manner. there will be continuing 
problems with the disposal of hazardous 
wastes due to the pauci ty of approved disposal 
si t es. The i ncreasing concerns of state and 
local governments wi th disposal si tes may 
significantly impact the level of oil and gas 
development. 

Refining 

Industry Operations 
Petroleum refining involves the processing 

of crude oil into usable petroleum products. 
The initial refining process separates crude oil 
into boiling ranges. These fractions are then 
processed by cracking the large hydrocarbon 
molecules into smaller ones. The structure of 
some of these molecules is rearranged and 
others are joined in different combinations to 
provide the desired components for blendi ng 
into finished products. This takes place in a 
number of refinery process units. each with a 
specific purpose. i ntegrated into a processing 
sequence. 

The type and number of refinery process 
units in a given plant depends on the type of 
crude oil to be processed. product require­
ments. and economic factors such as crude oil 
costs. product values. and availability and cost 
of utili ties and equipment. The type and size 
of processing units thus varies greatly. Theo­
retically. any petroleum or petrochemical pro­
duct can be manufactured from any type of 
crude oil. Economically speaking. however. a 
refinery will be designed based on the available 
crude oil and the market demand for products. 

There were 262 refi neries operating in the 
United States in 1 970, wi th a total operating 
capacity of 1 1 .8 M MB/0. By 1 980 there were 
3 1 1 refineries i n  the United States. with 1 7.6 
MMB/D of operating capacity.l3 Individual refin­
eries range in size from 1 90 barrels per day of 
capacity to 640,000 barrels per day. 14 

The operation of a refinery can be divided 
into seven steps: 



• Separation of Crude Oil. The most widely 
used methods for separating crude oil are 
atmospheric and vacuum distillation. Sol­
vent extraction. absorption. and ctystalliza­
tion are also used, but to a much lesser 
extent. 

• Conversion q[ Hydrocarbon Molecules. Con­
version processes. which change the size or 
structure of the hydrocarbon molecule. con­
vert some of the crude oil fractions into 
higher value products. The most common 
conversion processes are cracking ( thermal. 
catalytic. viscosity breaki ng. hydrocracki ng. 
and coking) :  combining ( alkylation and 
polymerization ):  and rearrangi ng (catalytic 
reforming and isomerization ).  

® Treating Crude Oil Fractions. Some of the 
original sulfur compounds are converted to 
hydrogen sulfide. which can be separated 
and converted to elemental sulfur. Undesir­
able sulfur compounds are removed by treat­
ing processes such as hydrodesulfurizing 
and chemical treating. 

• Blending Hydrocarbon Products. Most 
petroleum products are a blend of hydrocar­
bon fractions or components produced by 
various refinety processes. Motor gasoline is 
a blend of various gasoline blending stocks. 
includi ng reformate. alkylate. straight-run 
naphtha. thermally and catalytically cracked 
gasoline. and necessaty additives. The vast 
number of fuel oils. lubricants. and asphalt 
products are blends of refinety base stocks. 

® Auxiliary Operating Facilit ies. A number of 
refinery uni ts are used to mai ntain normal 
operating condi tions. These units support 
processes such as hydrotreating. improve 
efficiency by allowing reuse of water and the 
use of sour gas as fuel. and help the refinery 
meet environmental standards. Included 
among the functions of auxiliary operating 
facilities are hydrogen production, light 
ends recovery. acid gas treati ng. sour water 
stripping, sulfur recovery, tail gas treati ng. 
and wastewater treatment. 

• R�j!nery Q[fsile Facilit ies. Refinery oflsi te 
facili ties are equipment and systems used 
to support refinery operat ions. These facili­
ties include storage tanks, steam generating 
systems. flare and blowdown systems, cool­
ing water systems. receiving and distribu­
tion systems, and refinery fi re con trol 
systems. In addi tion. garages. machi ne 
shops. storehouses. laboratories, and neces­
saty office buildings are considered oiTsi te 
facilities. 

• Emission and Elf1uent Control. Refineries 
generate air emissions. wastewater. solid 

waste. and noise, which must be controlled 
for efficient processing and environmental 
protection. The control of pollutants that 
can damage the environment is an impor­
tant part of refi nety operations. 

Environmental Considerations 
Refi neries vary regardi ng crude oil input. 

types of process units. the type of products. 
and, therefore. pollution control technologies. 
Generally. pollutant discharges and emissions 
are kept to permissible levels by maxi mizing 
process unit efficiency and extensive 
treatment. 

Afur Pollution Conuon 

Petroleum refi neries are stationaty sources 
of the conventional pollutants: particulates. 
sulfur oxides. nitrogen oxides. volatile organic 
compounds, and carbon monoxide. Emissions 
from petroleum refi neries today represent only 
0.5 percent of the nation's total TSP emis­
sions. 2.8 percent of the so2 . 1 .5 percent of 
the NOx , 3.9 percent of the VOC. and 0.9 
percent of the CO. 1 5 Air emissions per barrel 
of crude oil processed have been reduced 
markedly over the past decade. A comparison 
of the 1 970 emissions with those of 1 979 is 
shown in Table 1 8. The significant reductions 
in air emissions were achieved in the refining 
sector during the past decade by improve­
ments in process technology. i ncreased use of 
hydrodesulfurization processes, and more 
widespread use of electrostatic precipitators, 
CO-boilers. and refinety fuel gas treaters that 
remove most of the fuel gas hydrogen sulfide. 
Hydrogen sulfide is generally recovered as 
sulfur or sulfuric acid. 

Petroleum refi nety emissions are expected 
to remain rather constant during the next 
decade. The NPC in 1 980 projected that the 
most probable case will be a 4 percent decli ne 
in U.S. refinery crude oil runs i n  1 990. 16 

Despite negative growth projections. refineries 
will continue to require large capital expendi­
tures for new and modified facilities for 
upgradi ng poorer quality crude oils and other 
feedstocks. The modest further reductions in 
refinety air emissions normally expected by 
the replacement of older facilities will probably 
be offset by modest i ncreases resulting from 
the processing of crude oils of poorer quality. 

The sources of refinety emissions and the 
associated control technology are well defined 
and fully utilized. Capital i nvestment in air 
pollution abatement facilities is est imated to 
be more than $250 for each barrel of daily 
product capacity. 1 7 Nevertheless. Clean Air Act 
requirements will continue to impose large 
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TABLE 1 8  

REFINERY A I R  EMISSIONS, 1970-1979* 

Percentage 
1970 1 979 Reduction 

Total Suspended Particulates 
(TSP) 1 8  9 50 

Sulfur Dioxide (S02) 1 56 1 27 1 9  

Nitrogen Oxide (NOx) 78 64 1 8  

Volatile Organic Compounds 
(VOC) 1 81 1 80 0 

Carbon Monoxide (CO) 502 1 59 68 

* Em iss ion esti mates in metr ic tons per 106 barre ls  of c rude o i l  run  based on 1970 = 10, 870 M B/ D ,  1979 = 14,648 M B / D .  
Sou rce of  data: Env i ronmental P rotect ion Agency,  Na tional A ir Pollutant Estimates, 1970- 1979, 1981 ; and Amer ican Petro leum 
I n st itute,  Basic Petrole um D a t a  Book, 198 1 .  

uncertainties i n  the planning and develop­
ment of facilities and has the effect of 
increasing project risk and costs. The require­
ment i n  nonattainment areas for LAER. 
defined as the most stringent l imitation 
achieved in practice anywhere. for new or 
major modified sources without taking eco­
nomic factors i nto account will obviously 
increase costs. The emission offsets policy has 
also been demonstrated to i ncrease costs. 

Adverse impacts of the Clean Air Act on 
the refining i ndustry have been found to be 
various combinations of three general prob­
lems: undue uncertainty i n  project planning: 
avoidable delays in decision-making by review 
agencies: and unj ustifiably stringent control 
technology requirements without commensu­
rate air quality benefits. The principal causes 
of the impacts can be categorized as follows: 

• Complex and i nflexible statutory require­
ments for regulatory review. including: 
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- Overlapping federal and state 
reviews 

- Complex regulations subject to frequent 
change during review proceedings 

- Lack of flexibility by review agencies in 
their interpretation of regulatory 
requirements 

- Operational problems within the review 
agencies (e.g .. work overload. personnel 
turnover. inadequate communications) .  

• Implementation of the PSD program. 
including: 

- Disputes concerning PSD increment 
allocation 

- Lengthy and uncertain negotiations con­
cerning case-by-case BACT 
determinations 

- Lengthy pre-application ambient monitor­
ing requirements. 

• Impractical nonattainment area require­
ments. including: 

- Excessively stringent and changeable 
LAER determinations 

- Unavailability of emission offsets. 

• Technical difficulties, including: 

- Excessively conservative air quality 
modeling requirements 

- Use of unverified models to determine 
emission control requirements. 

Water Pollution Control 

Remarkable reduction in wastewater pollu­
tion discharge has been ach ieved by the 
refining i ndustry in the past decade. Waste­
water pollutant discharges for the segment of 
the refining industry that treats and dis­
charges its own wastewater (direct dis­
chargers) are shown in Table 1 9. 

The refining i ndustry as a whole has 
achieved a better than 9 1  percent reduction in 



the discharge of conventional water pollutants 
from 1 967 to 1 979. Refinery process uni t mod­
ernizations accounted for some of this i mprove­
ment. but refineries made significant gains in 
the development of wastewater treatment tech­
nology and wastewater management programs 
and the subsequent utilization of these devel­
opments in operations. Specifically, during the 
past decade significant reductions in waste­
water flow volumes per barrel of crude oil 
processed have been achieved in every refining 
subcategory. Median flow reductions deter­
mined from 1 972 and 1 977 refi nery surveys 
for the subcategories were: topping, 67 per­
cent; cracking, 4 7 percent; petrochemical, 59 
percent; lube, 47 percent; and i ntegrated, 56 
percent. These water management improve­
ments were supplemented with significant 
advances in the state-of-the-art of the follow­
ing technology areas: sour water stripping; 
dissolved air flotation; granular media filtra­
tion; numerous biological wastewater purifica­
tion processes; and water reuse practices. 

The proposed BCT for 1 984 will offer only 
marginal improvements over present discharge 
levels, yet would be costly to achieve. The 
means by which EPA previously estimated the 
cost effectiveness of proposed BCT regulations 
is the "cost reasonableness" test. in which the 
cost (in dollars per pound) of removing the 
additional increment of conventional pollut­
ants at refi neries is compared with costs at 
publicly owned treatment works (POlW). How­
ever, in July 1 98 1 ,  the U.S. District Court of 
Appeals for the Fourth District vacated all EPA 
regulations purporting to establish BCT efflu­
ent limitations under the Clean Water Act. 18 
The Court held that the EPA's "cost reasona­
bleness" test was insufficient, but the Court 
did not specifY particular factors to be consid­
ered in such a test. EPA was directed to 
reconsider the "cost reasonableness" test. 

In  applying a "cost reasonableness" test, i t  
has been estimated that incremental pounds 
of total suspended solids and biochemical 
oxygen demand removed after BPT treatment 

TAB lE 1 9  

Conventional Water 
!Pollutants 

IRIEF!IN ING iNDUSTRY IEFIFLUIENT DISCHAIR G IES, 
DIR ECT DISCHARGERS 

Thousands of !Pounds !Per Day 
(MnL!Ia� Average) 

!Proposed 
IBIPT 1 979 BCT 

11 967* Jluiy 19nt Actual§ .J!IUI!y 1984* 

Biochemical Oxygen Demand 
(BOD) 800 71 38 28 

Total Suspended Solids 
(TSS) 500 47 43 1 8  

Oil and Grease 
(O&G) 360 24 1 3  9 

Percentage 
Reduction, 
1 967-1979 

95 

91 

96 

*Crossley, 8-D Su rveys, Inc. ,  " 1 967 Domestic Refi nery Effluent Profi le," report prepared for the American Petroleum Institute, 
September 1 968. 

tAmerican Petroleum I nstitute, "Comments of the American Petroleum I nstitute Regarding the Envi ronmental Protection 
Agency's Proposed Effl uent Limitations Guidel ines, Pretreatment Standards and New Sou rce Performance Standards for the 
Petroleum Refin ing Point Source Category." O&G by ratio to BOD. 

§Calculated using EPA variabil ity survey data; Personal correspondence, July 1 2, 1 981 , Jitu Shaveri (ERT) to J.M. Rieker (Mobi l ) ,  
"Summary of 1 979 Average Mass Discharges for BCT Parameters for Refi neries Selected by E P A  f o r  Variabi l ity Analysis," and 
American Petroleum Institute, "Eval uation of Cost-Reasonableness of Best Conventional Technology Regulations for the Petroleum 
Refin i ng Point Source Category," June 1 980. 

:j:U.S. Environmental Protection Agency, "Petroleum Refi n ing Point Source Category Effluent Li mitations Guidel ines, 
Pretreatment Standards," Proposed Rules 40 CFR 41 9 and 44 FR 75926, December 21 , 1 979. 
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would cost $5.39 per pound for refineries and 
$0.53 per pound for POlW. 19 Thus. if there 
are si tuations requi ring further reductions in 
discharges of  conventional pollutants. P01W 
are the economic choice to achieve any needed 
reductions beyond BPT. Any possible reduc­
tions by refi neries are so marginal and costly 
that the BCT limitations should remain at 
present BPT levels. 

Comparable data are not available for the 
nonconventional pollutants. which are desig­
nated as ammonia, chemical oxygen demand. 
sulfides. and total organic carbon: however. the 
existing discharge levels for the industry as a 
whole meet both existing and proposed limi ta­
tions using BPT treatment systems. 

The refining sector has been surveyed 
extensively as a potential source of 65 priority 
pollutants and classes of pollutants and no 
serious problem areas were found. Concurring, 
EPA found that "BPT treatment substantially 
reduces toxic pollutant concentrations. Most 
toxic pollutants are reduced to near or below 
the concentrations considered accurate for use 
in the Analytical Protocol developed by the 
Agency. " 20 Recognition that refineries are not 
a significant source of priority pollutants is 
illustrated by the fact that the proposed Best 
Available Technology Refinery Effluent Guide­
lines include only three " toxic" pollutants: 
phenolics. total chromium, and hexavalent 
chromium. 

Waste Management 

The present hazardous waste management 
regulations, promulgated under the authority 
of Subtitle C of RCRA. utilized a threshold 
regulatory approach. A given waste stream will 
be designated hazardous if it is specifically 
listed within the regulations. i t  is a discarded 
or off-specification commercial chemical prod­
uct or spill residue, or it exhibits any of the 
following four characteristics identified by 
EPA: ignitability, reacticity, corrosivity, or tox­
icity. The present program regulates all 
hazardous wastes utilizing identical technical 

, and administrative controls. The program fails 
to recognize the significant variation in the 
degree-of-hazard of wastes. Therefore, many 
large-volume wastes in the refining sector 
must be disposed in secure hazardous waste 
management facilities. thereby contributing to 
an anticipated shortfall of needed capacity to 
dispose of truly hazardous wastes. 

EPA is re-evaluating the cost effectiveness 
of the present regulatory approach and began 
a study in November 1 98 1  to evaluate refinery 
waste streams regulated under RCRA. The 
ultimate goal of this study is to promulgate a 
subset of RCRA regulations specifically 
addressing refinery waste streams. 
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Refinery wastes listed in 1 980 as hazard­
ous under RCRA regulations are summarized 
in Table 20. The listed hazardous wastes were 
so designated because of their potential for 
contai ning lead and/or chromium. Individual 
refinery sources can be evaluated for hazard­
ous designation by usi ng an EPA testing 
protocol. and some refi neries have obtained 
delisting of wastes based on test protocol 
results. 

TA.BILE 20 

HAZARD WASTES 
OF THIE REIFIN!ING IINIDIIJSTRY AS DIEFINIEIO 
IBY THIE RCRA RIEGUILATiONS (MAY 1980) 

Listed Hazardous Waste Streams §261 .32 

K048 Dissolved a i r  f lotation (DAF) float 

K049 Slop oi l  emulsion sol ids 

K050 Heat exchanger bundle cleaning sludge 

K051 API separator sludge 

K052 Tank bottoms (leaded)  

Petroleum refineries were estimated to 
generate about 1 .9 million wet metric tons of 
hazardous waste in 1 980, about 5 percent of 
the total hazardous wastes generated in the 
United States.2 1 The refining industry cur­
rently treats and disposes of 70 percent of i ts 
own RCRA hazardous wastes using land-based 
technology. The RCRA hazardous wastes land 
disposal permitting standards were proposed 
and withdrawn in 1 98 1 .  EPA has projected the 
date of final promulgation of these standards 
to be January or February 1 983. EPA has 
distinguished land disposal from land treat­
ment and made a research commitment at 
laboratories in Ada, Oklahoma. to assess the 
effectiveness of land treatment technologies. 

Landfarmi ng. bio-oxidation. composting. 
and related low-cost. self-sustaini ng. highly 
efficient. and envi ronmentally enhanci ng tech­
nologies are expected to be the basis for 
hazardous waste disposal systems for the next 
generation. In many parts of the country. these 
methods can be implemented on property that 
is owned and controlled by the petroleum 
companies without encroaching on private or 
municipal domai ns. 

Presently available i n formation regarding 
petroleu m i ndustry hazardous waste streams 
is inadequate. An industry-wide waste inven­
tory i s  needed to identity hazardous waste 
streams by source and quantity. 



Storage9 T:ransportation9 
and Marketing 

Industry Operations 
The oil and gas i ndustries' storage, trans­

portation, and marketing facilities represent 
two large, complex collection and distribution 
systems. One system transports crude oil and 
other raw materials to refi neries; stores raw 
materials, intermediates, and products; and 
distributes finished petroleum products to the 
consumers. A separate system moves natural 
gas from producing areas to the consumer. 
These systems have developed and improved 
over the years, resulting i n  greater efficiency, 
safety, convenience, energy conservation, and 
improved protection of the environment. 

The complexity of the network for petro­
leum storage, transportation, and marketing is 
illustrated by 1 980 statistics showing that i n  
the Uni ted States approximately 543,000 
crude oil producing wells 22 fed 3 1 1 refiner­
ies, 23 which provided gasoline and oil to 
1 5,000 terminals and bulk plants feeding 
1 58,000 service stations 24 serving 1 22 million 
passenger automobiles, 25 and provided many 
other products for home and i ndustrial use. 

Storage 

The petroleum industry requires storage 
facili ties for tremendous volumes of raw mate­
rials and refined products. Tanks are required 
for crude oil and liquid products; pressure 
vessels and underground storage are used for 
natural gas liquids; and underground reser­
voirs and cavities are used for natural gas. 
Primary storage is located at strategic points 
along the distribution system: at points of 
transfer between transportation modes, at 
points where a number of pipelines converge, 
and at manufacturing facilities and distribu­
tion terminals. Secondary storage is main­
tained by consumers and small distributors of 
petroleum products further removed from the 
primary distribution system. 

Facilities can be divided i nto storage for 
liquid petroleum or natural gas, and further 
subdivided for discussion to above-ground and 
below-ground. Above-ground storage is used 
mostly for crude oil and refined petroleum 
products such as gasoline and distillates. 
Underground storage is most commonly used 
for natural gas and liquefied petroleum gas. 

A 1 978 NPC survey determined that the 
U.S. primary distribution system had a storage 
capacity of over 1 .5 billion barrels for crude oil, 
gasoli ne, kerosine, and fuel oils. The NPC also 
estimated secondary storage capacity for gaso­
line and distillate fuel oil to be at least 500 

million barrels in 1 978. 26 Underground stor­
age capacity for natural gas in 1 979 was 7.4 
trillion cubic feet. 27 

Transportation 

Oil and gas and their products are trans­
ported through an interconnected system of 
pipeli nes, tankers. barges, tank cars. and tank 
trucks. (See Table 2 1  for a summary of U.S 
transportation facili ties. ) 

Petroleum p ipelines normally carry either 
crude oil or petroleum p roducts, although 
some pipelines carry both. Domestic crude oil 
is moved by pipeline from producing oil fields 
to refineries and i mported crude oil is moved 
by pipeline from ports to refi neries. Petroleum 
product pipelines move refi ned products from 
refineries to terminals from which distributors 
move them to market. Separate pipeline sys­
tems move natural gas from producing areas 
to the consumer. 

Tankers and barges transport very large 
volumes of crude oil and petroleum p roducts­
more petroleum is carried on water than is 
any other commodity. Domestic traffic is 
composed of barges and lake and coastal 
tankers; foreign commerce occurs by means of 
ocean-goi ng vessels. Over the last decade, 
world tanker capacity has increased markedly; 
1 97 1  capacity was 1 69,354,743 DWT ( 1 .3 
billion barrels) and 1 980 capacity was 
339.80 1 ,7 1 9  DWT (2.5 billion barrels) .  28 

Tank cars and tank trucks are used 
extensively by the petroleum i ndustry to 
transport finished products to bulk plants and 
consumers and to move a considerable 
amount of domestic crude oil from gathering 
areas to refineries, particularly in areas where 
pipelines are not available. Tank trucks are 
extremely flexible for delivering relatively small 
quantities of petroleum products on short 
hauls. especially home heating oil from bulk 
plants to customers and gasoline from termi­
nals and bulk plants to service stations. 

Marketing 

While marketing systems exist for all 
petroleum products. the system for automotive 
gasoli ne is by far the most extensive system, 
and provides outlets for the i ndustry's princi­
pal product. 

Automotive gasoline is generally trans­
ported from a refi nery or terminal to service 
stations; individual, large-volume consumers; 
or small bulk plants, which in turn normally 
direct i t  to service stations or large-volume 
consumers. The total consumption of automo­
tive gasoline is  expected to decrease over the 
next decade, and industry t rends i ndicate that 
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TAIBliE 21 
Oil AND GAS TIRAINSIPOIRTATION IFACIILIT!IES 

Gas Pipel ines* 
(as of 1 2/31n7) 

Petroleum Pipel inest 
(as of 1 2/31 n8) 

Tank Cars§ 
(as of 7 /1 5n9) 

Tank Trucks§ 
(as of 1 2/31n9) 

Tank Barges§ 
(as of Ju ly 1 979) 

Tank Ships§ 
(as of July 1 979) 

* Incl udes gatheri ng l ines; excludes d istribution l ines. 
tlncl udes gatheri ng l i nes. 
§Suitable for petroleu m transportation. 

Total 
Number of Uli'il!ts Capacity 

331 ,976 mi les NA 

227,060 mi les NA 

1 07,552 2, 1 75.5 M Mgal 

50,000 364.4 MMgal 

3,971 71 .4 M Mbbl 

352 97.0 M Mbbl 

SOURCE: National Petroleum Counci l ,  Petroleum Storage and Transportation Capacities, 1979. 

the number of service stations will decrease 
even more. Consequently, the average station 
will handle an i ncreased volume of products. 

Light-oil petroleum products are generally 
shipped from refi neries by pipeline or barge to 
terminals and bulk plants, where they are 
stored i n  above-ground tanks at tank farms. 
These products are then transported by truck 
to homes, service stations, and large-volume 
consumers. 

Major airports receive petroleum fuels by 
pipeli ne connected directly to one or more 
refineries. The aircraft are fueled through a 
hydrant fueling system buried beneath the 
aircraft loading and service areas or by special 
refueli ng trucks. 

Environmental Considerat ions 
The storage, transportation, and market­

ing of petroleum raw materials and products 
are conducted in a predominantly closed 
system-tankers. barges, storage tanks, pipe­
lines, tank cars, tank trucks, and service 
station underground tanks. This closed system 
acts to protect product quality. ensure the safe 
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handling of materials, and minimize releases 
to the environment. Some releases do occur at 
points of transfer. during storage, during 
equipment maintenance and cleaning. 
through accidental spills. and through dispo­
sal of used petroleum products (such as 
lubricati ng oils) .  

The selection of a si te for a storage 
termi nal. marine terminal, marketing facility, 
or a pipeline route is based on a number of 
factors, of which environmental permits are 
among the most important. Other factors, 
which may be overriding, i nclude the availabil­
ity of land, access to existing modes of 
transportation (rail, waterway, highway). prox­
imity to the market. availability and source of 
products and raw materials, and unique 
environmental considerations. The present 
permitti ng process has introduced considera­
ble delays and uncertainty i nto the facility 
siting process. 

Air Pollution Control 

Emissions of hydrocarbons and NOx are 
the primary air pollutants of concern. Hydro­
carbon emissions can occur at many points 



throughout the distribution system, primarily 
during storage and at points of transfer. NO x 

emissions arise from fuel-burning engines 
used to drive pumps and compressors that 
move materials through the distribution sys­
tem. Emissions of these pollutants are the 
subject of environmental regulations and they 
are controlled by a variety of techniques. 
Floating roof tanks effectively control storage 
losses. Emissions from loading of tankers, 
barges, and tank trucks are limited by using 
submerged fill procedures, and by supplemen­
tal vapor recovery where needed. Service sta­
tion vehicle refueling losses can be controlled 
by a vapor balance system or a vacuum assist 
system. 

Total emissions from storage. transporta­
tion. and marketing facili ties are widely 
dispersed geographically and are difficult to 
estimate wi th a high degree of accuracy. 
National emission estimates for 1 979 show 
VOC emissions of 24.6 million metric tons. 
About 0.6 rpillion metric tons are estimated to 
result from crude oil production. storage, and 
transfer, and about 1 .8 million metric tons are 
estimated to result from petroleum product 
storage and transfer. 29 

Trend data show little or no increase in 
emissions despite substantial i ncreases in 
crude oil and gasoline throughput. reflecting 
the extensive implementation of VOC emission 
controls. Future downward emission trends 
are expected because of the further application 
of controls and decreased liquid fuel 
consumption. 

Controls on vehicle refueling emissions, 
which have been implemented in some areas 
and are under consideration in others, may 
not achieve their intended purpose. EPA has 
not demonstrated that these controls will have 
any measurable posi tive impact on air quality 
and the costs are large compared to the 
envi ronmental benefi ts. 

Water and Land Pollution Contron 

Industry practices and environmental reg­
ulation control the discharges of raw materials 
or products to surface waters and to the land 
(where they can contaminate groundwaters) .  
This control is through both the treatment of 
contaminated wastewater before discharge and 
an intensive system of spill prevention, includ­
ing design and equipment changes and train­
ing. In addition, as spills can never be 1 00 
percent prevented, spill contingency plans 
have been prepared to cover the detection and 
cleanup of spills when they occur. 

Discharges to surface waters from storage, 
transportation, and marketing facili ties result 

primarily from storm water runoff. process 
wastewater. and spills. Contami nated water is 
treated before discharge and, as a result. 
produces li ttle in the way of environmental 
impact. 

Leaks from underground gasoline tanks 
and connecting pipes at service stations have 
received increased attention in recent years. 
These sources may contaminate groundwaters 
and may create fire and explosion hazards 
whenever service stations are located near 
homes or busi nesses. The petroleum industry 
has developed a multi-faceted i ndustry pro­
gram to prevent and control leaks. In addition. 
there is a conti nuing i ndustry trend to replace 
underground steel tanks wi th corrosion­
resistant fiberglass reinforced plastic, and to 
employ aggressive leak-detection programs. 

Waste Management 

Industry practices have been and continue 
to be developed to ensure proper handling of 
waste materials. With the promulgation of 
hazardous waste management regulations in 
May 1 980, and the enactment of Superfund in 
December 1 980, there has been an increased 
awareness of overall waste management prac­
tices. including the. proper handling and 
disposal of used lubricating oils. Congress 
enacted the Used Oil Recycling Act in 1 980 to 
encourage the use of recycled oil to avoid 
threats to public health and the environment. 
and to conserve energy and materials. The Act 
requires EPA to make a determi nation 
whether used oils should be regulated as 
hazardous waste under RCRA. 

EPA published a Report to Congress in 
January 1 98 1 ,  "Listing Waste Oil as a Hazard­
ous Waste," and prepared some draft regula­
tions. EPA's intention to regulate used 
lubricati ng oils as hazardous wastes has 
caused concern wi thi n  the industry. as i t  
would produce large impacts in the marketing 
segment. These impacts could result from 
regulatory entanglements that will actually 
discourage the recycling of used oils through 
increased paperwork, monitoring, recordkeep­
ing, and requirements on used oil collectors. 

Product Use 

The petroleum industry produces a wide 
variety of products. but approximately 87 
percent of the total volume becomes fuel for 
stationary combustion equipment and trans­
portation. 30 Non-fuel uses include petrochemi­
cal feedstocks, asphalts, and lubricants. Table 
22 contains a partial list of products. Fuel 
products impact on the environment primarily 

6 1  
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TABLE 22 

MAJOR PETROLEUM PRODUCT USE BY SECTOR, 1 980* 

Fuel Products 

Ind ustrial Sector 
Disti l late Fuel Oi l  
Residual Fuel Oi l  
Liquified Gases 
Motor Gasol ine 
Kerosi ne 
Natural Gast 
Other 

Residential and Commercial Sector 
Disti l late Fuel Oi l  
Residual Fuel Oi l  
Liquified Gases 
Kerosine 
Natural Gast 
Motor Gasol ine 

Transportation Sector 
Aviation Gasol ine 
Disti l late Fuel Oi l 
Jet Fuel 
Motor Gasol ine 
Residual  Fuel Oil 
Liquified Gases 

Electric Uti l ity Sector 
Disti l late Fuel Oil  
Jet Fuel 
Residual Fuel Oi l  
Other 

Subtotal 

Non- Fuel Prod ucts 

Industrial Sector 
Ethane 
Liquified Gases 
Lubricants 
Petrochemical Feedstocks 
Petroleum Coke 
Special Naphthas 
Wax 
Natural Gast 
Miscel laneous 

Residential and Commercial Sector 
Asphalt and Road Oi l  

Transportation 
Lubricants 

Subtotal 

TOTAL 

Million Barrels 

257 
258 
1 69 

28 
21 

304 

353 
86 

1 36  
38 

20 

1 3  
401 
387 

2,362 
1 32 

2 

39 
2 

438 
1 

5,447 

1 23 
1 1 1  

30 
251 

1 7  
36 

6 

39 

1 46 

28 

787 

6,234 

Percentage of Total 

4. 1 
4. 1 
2.7 
0.4 
0.3 

4.9 

5.7 
1 .4 
2.2 
0.6 

0.3 

0.2 
6.4 
6.2 

37.9 
2. 1 

< 0. 1 

0.6 
< 0. 1 

7.0 
< 0. 1 

87. 1 

2.0 
1 .8 
0.5 
4.0 
0.3 
0.6 
0.1  

0.6 

2.4 

0.4 

1 2.7 

1 00.0 

· so u rce of  data: Energy I n format ion A d m i n is t ra t i o n .  1980 Annual Report to Congress. V o l u m e  I I .  Tota l s  may not add due to 
ro u nd i n g .  

t Na t u ra l  gas n o t  i n c l uded 1 n  tota l s .  



through combustion and the resul ting emis­
sions and. therefore. are subject to environ­
mental regulations. 

Stationary Sources 
Petroleum products are widely used for 

electric power generation, domestic and com­
mercial heating, and manufacturing. They 
generate emissions of SO x .  NOx .  particulates, 
CO, and unburned hydrocarbons. Of these. 
SO x from fuel oil combustion represented 
approximately 1 6  percent of the total SO x from 
all fuel combustion in 1 979. 3 1  The sulfur 
content of fuels used in power generation and 
space heating is limited by regulations in 
many areas of the country. In order to meet 
these sulfur limitations, the refin i ng i ndustry 
installed fuel oil desulfurization equipment. As 
of January 1 ,  1 98 1 ,  there were 2.0 M MB/D of 
desulfurization capacity, representing approxi­
mately 1 1 . 1  percent of the total crude oil 
capacity of 1 8.0 M MB/D. 32 Sulfur l imitations 
also stimulated demand for low-sulfur 
imported crude oils and the low-sulfur fuel oils 
produced from them, placing h igher sulfur 
crude oils at a competi tive d isadvantage. 

The price differential between coal and 
crude oil and the requirements of the Fuel Use 
Act. together wi th the slowdown in the rate of 
economic growth, have caused a decrease in  
the demand for heavy fuels. The petroleum 
industry has adjusted to changes in crude oil 
sources, refining technology, and market dis­
tribution, and is able to satisfY the demand for 
low-sulfur heavy fuels. Lim i ts on the technol­
ogy and present facil i ties could be serious i n  
the West Coast markets-especially in Cal ifor­
nia, where extremely low sulfur levels are being 
sought by regulators. The cost of low-sulfur 
fuels on the open market is now subject to 
competi tive forces and there is an appropriate 
price differential reflecting the higher cost of 
manufacturi ng the low-sulfur fuel. In addi tion, 
environmental restrictions on the burning of 
coal have increased the demand for low-
sulfur oils. 

Pollutant controls on NO x and TSP have 
been generally applied to the combustion 
source directly; they do not i mpact on the 
availability and cost of the products except as 
they apply to the fuel combustion sources i n  
the industry. 

Mobile Sources 

About half  of the petroleum products 
consumed are used as transportation fuels, 
and about half  of that amount for automo­
biles. Other modes of transportation consume 

petroleum fuels i n  much lesser proportions; 
e.g. , trucks (26 percent) ,  aircraft (8 percent) .  
mari ne vessels (7  percent) ,  railroads (3 per­
cent) ,  pipeli nes and other transportation uses 
(3 percent) ,  and buses ( 1 percent) .  

Each product impacts the environment 
according to i ts physical properties, combus­
tion characteristics, and volume of use. For 
example, CO and VOC emissions come mostly 
from gasol ine-fueled automobiles, while partic­
ulates, NOx . and SO x emissions come mostly 
from diesel combustion. Aircraft. marine, rail­
road, and bus emissions vary. but have li ttle 
envi ronmental i mpact because of their propor­
tionately low product volume use. Lead emis­
sions. once an i mportant environmental 
concern. are no longer a mcyor issue as a 
result of the lead phasedown regulations and 
the increased demand for unleaded gasoline. 

The market for unleaded gasoli ne is about 
half of the total gasoli ne demand and is 
projected to reach 92 percent by 1 990. 33 I t  is 
the creation of strict exhaust emission stan­
dards requiri ng the use of catalytic controls. 
which are partially deactivated by lead. 

Pre-catalyst techniques for l imiti ng emis­
sions, such as engine modification, have 
impaired to varying degrees the quality of road 
operability of the automobile and have exacted 
a price in fuel economy. as evidenced by the 
1 973- 1 974 model year cars, the most fuel 
inefficient i n  recent history. Catalytic emission 
controls, introduced with the 1 975 model year, 
made i t  possible to meet the much more 
stringent 1 975 exhaust emission standards 
wi th an operable veh icle having acceptable fuel 
economy. 

Octane restrictions accompanying the 
widespread manufacture and d istribution of 
unleaded gasoli ne l imit engine compression 
ratio, also a factor i n  fuel economy. I n  
addi tion, for a given octane rating. unleaded 
gasoline costs more to refi ne and yields less 
gasoline per barrel of crude oil than does 
leaded gasoline. 

S ince 1 975, there has been a trend 
towards i ncreased fuel economy for new auto­
mobiles, with market demand often making 
Corporate Average Fuel Economy better than 
statutory requirements. Nevertheless, ever 
more severe emission standards have exacted 
new fuel economy penalties, even with cata­
lysts. Furthermore, market demand for h igher 
octane unleaded gasoline has so stimulated 
supply as to encourage car makers to abandon 
longstanding policies to l imit car octane 
requirements to 9 1  Research Method octane 
rating (87 octane antiknock i ndex) .  
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The severe exhaust emission standards 
now in place for automobiles were developed at 
a time when i t  was believed that air quality 
would respond to a simple "rollback" in 
emissions from mobile sources. Subsequent 
experience has shown this assumption to be 
valid only for an unreactive pollutant like 
CO. 34 Moreover, the costs of such severe control 
have been high, in the billions of dollars. 

Natural sources of the photochemical oxi­
dant precursors, hydrocarbons and NOx , con­
tribute to ozone formation and complicate the 
problem of developing effective control strate­
gies. Periodic incursion of ozone from the 
stratosphere further complicates strategy 
development. 

The degree to which automotive emissions 
should be controlled should be re-evaluated on 
a cost-effectiveness basis. Enough has been 
learned in the last decade to support an 
analysis that considers not only the feasibility 
of vehicle controls as a means to achieve air 
quality standards, but the trade-off between 
energy consumption at the vehicle and at the 
refinery as well. 

Major new mobile source issues that 
remain to be resolved either technically or 
politically will affect the future growth of diesel 
fuel use for automobiles and the introduction 
of alternative fuels. The health impacts of 
"unregulated pollutants," ' especially diesel par­
ticulates, presently are unknown. Methanol is 
being considered as an alternative fuel for 
transportation. 

Fate and Effects of Spills 

Introduction 

Oil spills, large and small, have long been 
of concern. More recently, hazardous sub­
stance spills have received considerable atten­
tion, primarily outside the petroleum industry. 
Section 3 1 1 of the Clean Water Act as 
amended in 1 978 specifically addresses spills 
of oil and hazardous substances. The Act 
prohibits the discharge of oil and hazardous 
substances in quantities "which may be 
harmful." Spills must be reported and civil 
penalties are assessed accordingly. Failure to 
report a spill can subject the discharger to 
criminal penalties. 

Great attention has been focused on 
actual and potential oil spills although spills 
contribute only slightly over 6.2 percent of the 
total amount of petroleum entering the oceans 
annually. 35 (Table 23 shows the major sources 
of petroleum entering the ocean. )  Less atten­
tion has been focused on hazardous substance 
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spills because they are less frequent, less 
spectacular, smaller, and have much more 
localized environmental impacts. 

Oil and hazardous substance spills attrib­
utable to the petroleum industry can result 
from both land- and marine-based activities of 
all segments of the industry. However, the 
hazardous substance spill regulations have the 
largest potential impact in the refining 
segment. 

TABLE 23 
SOURCES O F  PETR OLEUM 

ENTE R I N G  TIH E OCIEAN* 

1 975 

Million 
MTAt 

Percentage 
of Total 

Urban Runoff 
River Runoff 
Coastal Faci l ities 
Transportation 

Operations 
Accidents 

Offshore Production 
Natural Seepage 
Atmospheric Fal lout 

Tota l 

0.3 
1 .6 
0.8 

1 .833 
0.3 
0.08 
0.6 
0.6 

6. 1 1 3 

5 
26 
1 3  

30 
5 
1 

1 0  
1 0  

1 00  

·sou rce of data: Nat ional  Academy of Sc iences 
Petroleum in the Marine Environment 1 975 · based on 
1 973 esti mates. U pdated est imates ar� expected to be 
p u b l i shed by the NAS i n  1 983 . 

t MTA = metri c to ns per an n u m .  

Hazardous Substance Spills 
The petroleum industry as a whole is a 

minor source of hazardous substance spills. 
The quantities of hazardous substances used 
within the petroleum industry are small rela­
tive to the volumes of oil handled. Spills, when 
they occur, may produce localized impacts. 
While these can be serious in terms of such 
impacts as fish kills, they are temporary and 
do not pose long-term problems. 

A few materials on the hazardous sub­
stance list are used in refineries as treatment 
chemicals, lube oil process solvents, and addi­
tives. Those that are used include ammonia 
benzene, chlorine, furfural, hydrofluoric acid, 
phenol, sodium hydroxide, sulfuric acid, tetra­
ethyl lead, and toluene. They are handled with 



care, and when spills occur they are typically 
contained within tank dikes or removed dur­
ing wastewater treati ng operations so that 
harmful releases to navigable waters are 
mini mal. 

Materials on the hazardous substance list 
are diverse. As a result, their environmental 
impacts are substance specific. Some are 
completely soluble in water (sodium hydroxide ) 
while others are relatively i nsoluble ( toluene) .  
As a result, spill cleanup actions may be very 
difficult in  many cases and impossible in 
others. 

Hazardous Substance Spill Data 

As a result of the reporting requirements 
of the Clean Water Act, the U.S. Coast Guard 
maintains extensive data on reported spills of 
oil and hazardous substances. The data on 
hazardous substance spills show the trends 
illustrated in Figure 1 1 . 

Preliminary hazardous substance spill 
data for 1 980 show that of the total of 625,465 
gallons spilled, 6 percent was from vessels, 3 
percent from land vehicles, 72 percent from 
nontransportation sources, 7 percent from 
pipelines, 1 0  percent from marine facili ties, 
and 2 percent unknown. Within these catego­
ries, refinery spills contributed 5 percent to 
the overall volume and no spills were reported 
from production operations. Preliminary dry 
bulk spill data for 1 980 show the entire U.S 
figure to be 1 ,230,4 1 8  pounds. Of this amount, 
2 percent was from vessels, 0.2 percent from 
land vehicles, 2 percent from nontransporta­
tion sources, and 95 percent from chemical 
pipelines. Within these categories, refinery 
spills contributed only 0.2 percent and no 
spills were reported from production opera­
tions. Other specific data for the petroleum 
industry were not broken out. 36 

Oil Spills 

While oil spills are probably the most 
visible and well-recognized of accidental 
releases, their effects are reversible and gener­
ally not long term. Long-term studies of the 
marine ecosystem have shown that fluctua­
tions occur during the recovery period after a 
spill. From the knowledge of similar untainted 
ecosystems, fluctuations of this kind are 
within the normal range of variability. It is 
more realistic to regard recovery as the 
restoration of a healthy, dynamic ecosystem, 
rather than the restoration of a pre-event 
status, that i tself may not be known. 

Studies following the 1 970 Chevron Main 
Pass Block 4 1  spill in the Gulf of Mexico, the 
1 977 Ekofisk oil spill in the deeper waters of 

the North Sea, and even the very large oil 
discharge from the Ixtoc blowout in the Bay of 
Campeche in 1 979, indicate few or no measur­
able adverse effects in offshore waters. 

Most oil spills, even those impacting 
coastal areas, have not had serious long-term 
effects. Recovery has been relatively rapid i n  
most situations, particularly i n  relation to 
productivity and mari ne pollution. Oil pollu­
tion poses much less of a threat to the marine 
environment than its visual prominence would 
imply. Contrary to earlier expectations, it is 
now evident that the losses of sea birds 
through oil pollution and other causes, though 
heavy, have had no detectable impact on 
breeding populations. 

Oil Spill Data 

Data on oil spills show the trends illus­
trated in Figure 1 2. Preliminary oil spill data 
for 1 980 showed that of the total of 7,332,699 
gallons spilled, 45 percent was from vessels, 2 
percent from land vehicles, 1 2  percent from 
nontransportation sources, 23 percent from 
pipelines, 10 percent from marine facilities, 
and 6 percent unknown.37 

Oill Spill Control Measures 

Prevention of spills is the first line of 
defense in protecting life, property, and the 
environment. Effective prevention plans can 
reduce spill incidents and these plans are 
widely used throughout the petroleum i ndus­
try. However, spill prevention is not 1 00 
percent effective and some spills do occur. 
Spill contingency plans have been imple­
mented to respond to spills, spill cleanup 
cooperatives have been formed, and a variety 
of spill control and cleanup techniques have 
been developed. 

If conditions permit, oil spills may be 
contained and recovered by purely mechanical 
methods. These include the use of contain­
ment booms, oil skimmers, sorbents, and other 
devices. Equipment and procedures for con­
taining and recovering oil spills in protected 
waters are well developed. In addition. some of 
these devices are effective in open waters 
under moderate conditions. Containment devi­
ces that will restrict the movement of oil i n  the 
open sea under extreme adverse conditions are 
not available. 

While containment and recovery of spilled 
oil provides the most positive control, the use 
of such measures is not always possible. 
Nature i tself has enormous capacity for dis­
posing of hydrocarbons. and man can hasten 
the process. Many microorganisms in both 
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saline and fresh water can degrade hydrocar­
bons. In many circumstances, the best treat­
ment of an oil spill would be natural 
dispersion by wind. waves, and currents and 
the accompanying microbial degradation. Due 
to the necessi ty to protect resources from 
immediate damage. this natural treatment 
frequently cannot be used, except when pre­
vailing winds and currents carry the oil away 
from shorelines and areas of habitation. 
recreation, and commerce. As a result. oil spill 
treatment methods have been developed. the 
most effective bei ng dispersants. 

Dispersants break the oil into small parti­
cles that mix into the water column where 
they are removed by natural processes. They 
have been successfully used worldwide, but. to 
date, their use has been restricted in the 
United States. With improved dispersants and 
application techniques (aerial spraying), it  is 
likely that dispersants will be used more 
widely and frequently. 

Burning the oil can also be an effective 
mi tigating action in appropriate si tuations. 
Burning slicks has been attempted with li ttle 
success. but if conditions and circumstances 
allow. the burning of oil still contai ned in a 
stricken vessel can be a very effective way of 
reducing the amount of oil spilled into the sea. 

The National Spill Contingency Plan 
(NSCP) provides for coordinated and inte­
grated responses by departments and agencies 
of the federal government to protect the 
environment from the damaging effects of 
pollution discharges. The NSCP is being 
updated and a revised version should be 
available in early 1 982. It is designed to 
discover spills, provide for timely notification, 
initiate containment, and provide for cleanup 
and disposal if the discharger is unknown or 
inadequate to the task. 

The petroleum i ndustry is committed to 
the cleanup of i ts own spills. In many cases, 
spill cleanup equipment and services are 
pooled in oil spill cooperatives promoted by 
member companies whose common purpose is 
to contain and clean up a spill in a designated 
area. In 1 980, there were approximately 93 
co-ops in operation i n  43 states. 

Effects of on 
Major spills i n  the open ocean are more 

likely to involve crude oils because they are the 
largest volume of oil transported by sea. Crude 
oil spills can also occur from offshore blowouts 
and pipeline breaks. Although fish and ben­
thic organisms may be present in large 
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numbers. surveys have shown no adverse 
effects on adult fish or other macroorganisms. 
The dilution potential of the open sea and the 
dispersion, weathering, and loss of toxic con­
sti tuents make it improbable that oils spilled 
in deep sea areas could reach benthic marine 
life, much less in toxic amounts. 

The two potential dangers posed by oil in 
the open sea are effects on sea birds and on 
plankton (algae, eggs, larvae. and fry of adult 
animals. some of which i nhabit near-surface 
waters) .  The latter type of l ife forms are 
numerous, reproduce i n  large quantities, and 
are subject to high natural mortality. The 
impact of an oil spill would probably not be 
sufficiently large to affect adult populations 
widely or for long. 

Concern has been expressed that a 
number of biological effects can result from 
the large amounts of oil entering the sea, 
whether from oil spills, other sources attribut­
able to man, or from natural seeps. Such 
postulated effects include disruption of bacte­
rial populations, oil layer phenomena that 
would prevent normal gas exchange at the sea 
surface, local heating effects caused by solar 
heat absorption in oil slicks, and concentra­
tion of pesticides and heavy metals by oil. 
Despi te careful study, no evidence has been 
obtained to support these claims. Fears of 
extensive mortality of marine animals from oil 
spills have not been substantiated. 

Oil spills that impact shorelines have 
shown effects on sea birds and, i n  some 
instances, benthic organisms. Improper mea­
sures taken to remove the oil can inflict losses 
exceeding those due to the oil  i tsel( These 
include bulldozing of beaches or steam­
cleani ng of rocky shoreli nes. Especially sensi­
tive to oil are near-shore ecosystems such as 
coral islands, salt marshes, and mangrove 
communi ties. 

It should be noted that most oil spills, 
even those that have impacted coastal areas, 
have evidently not had serious long-term 
effects. Recovery has been relatively rapid i n  
most situations, particularly i n  relation to 
productivity and population. Careful study 
may reveal subtle long-term effects. Following 
the Torrey Canyon spill, the age structure of 
some rocky-shore populations showed some 
abnormalities for up to 1 0  years. These effects. 
however, had li ttle ecological consequence. 

Many factors i nfluence the seriousness of 
an oil spill. The most important are the 
volume and type of oil, weather and sea 
conditions. the season, and the body of water 
where the spill occurs (the geography). The 



greatest damage to marine life from a spill will 
occur when:  

• The oil  is spilled into or reaches a confi ned. 
shallow body of water, such as a small bay. 
and the volume of oil spilled is large with 
respect to the body of water being impacted. 

e The oil is a light. refined oil such as a home 
heati ng oil or a diesel fuel. 

• There is a high load of fine sediment in the 
water column due to storms, heavy surf, or 
the discharge of rivers. 

Spills are rare in which all of these 
condi tions occur simultaneously. Examples of 
when they did include the spill near West 
Falmouth, Massachusetts, in 1 969, and at Baja 
California ( Mexico) in  1 957. In both cases the 
benthic sea life experienced heavy immediate 
mortality and their populations were reduced 
vecy locally for several years. 

Many spills that threatened to have long­
term major effects have not produced them: 
e.g., the Santa Barbara spill and the San 
Francisco Bay tanker spill. Near-shore oil spills 
involving crude oils, such as the Amoco Cadiz. 
the Torrey Canyon, and the Metula spills, do 
i nflict substantial biological damage, but such 
damage is mitigated by the lower toxicities of 
crude oils compared to some refined products. 

Energy Facility Siting 
The permitting process under which the 

industcy operates today is costly, complex. and 
cumbersome. Wh ile not all problems related to 
siting are envi ronmental, envi ronmental legis­
lation and regulations have become a major 
factor in the siting process. The exact extent of 
additions to lead time for projects due to 
environmental concerns varies widely from 
project to project, depending upon which 
permit requirements apply to an individual 
case and what difficulties they present. 

Environmental Impact Statements 
One of the major components of the 

permi tting process is the EIS. Whether a 
private industrial project will require prepara­
tion of a federal EIS depends upon whether all 
permits and approvals required for the project 
are exempted from NEPA requirements by the 
lead federal agency. 

Three important actions that are subject 
to NEPA include: 

• OCS leases 

• The issuance of dredge and fill permits by 
the Corps of Engineers 

• The issuance of RCRA permi ts. 

Two actions that are exempt from NEPA 
are the following: 

• The Clean Water Act excludes from NEPA all 
actions by EPA except the issuance of 
NPDES permi ts to new or modified sources 
in states where EPA continues to adminis­
ter the NPDES program. 

• Approval of industrial projects under state 
CZM programs does not require a federal 
EIS under NEPA. 

Wh ile a project may be exempted from 
federal EIS requirements under NEPA. 1 8  
states have adopted laws o r  regulations similar 
to NEPA that will subject the project to a state 
EIS. In addi tion to the laws and regulations at 
the state and federal level that contribute to 
the complexity of the permitt ing process. local 
governments have taken a much more active 
role in the process, both through envi ronmen­
tal and zoning requirements. 

The Department of Energy has estimated 
that over 200 of the 400 permits required for 
an oil shale development project are directed 
to environmental matters. 38 On the state level 
alone, for example, Utah requires an energy 
project to have 69 permi ts: 1 6  exploration, 3 1  
envi ronmental, 1 2  municipal and county. and 
10 special use. 39 

Regulatory Uncertainties and 
Project Lead Time 

The biggest uncertainty that exists in the 
area of facility sit ing is the extent of delays 
caused by permi t review procedures. The 
length of the delay will vacy from case to case, 
depending upon the type of envi ronmental 
problems presented, the success of the com­
pany in gathering all of the data called for to 
meet government requirements. and the over­
all political accep tability of the project in the 
surrounding community. 

Even with the best foresigh t. the regula­
tocy process will add to the lead time for a 
project. To obtai n data needed for the review 
process, engi neering plans have to be com­
pleted at an early stage in the project-planning 
schedule. Actual construction cannot begin 
until many of the requisite approvals are 
obtained. As a result, the regulatocy process 
greatly extends the time period previously 
experienced between the completion of engi­
neering plans and the commencement of 
construction. 

Many of the envi ronmental approvals can 
be obtained. at least theoretically. within 
several months after an acceptable application 
has been submi tted. However. others will take 
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not months but years. For most large indus­
trial projects. such as a new oil refinery. 
petrochemical complex, or oil shale project, the 
acquisition of required approvals is likely to 
take two to four years. 

Specific Examples of Delayed, Denied, 
and Abandoned Energy Projects 

To provide an overview of the types of 
delays discussed in this report. the following 
list of projects delayed or cancelled as a result 
of government constrai nts is presented. 40 
• Santa Ynez Unit, California Outer Contin­

ental Shelf: 27 M B/D of oil and 30 million 
cubic feet of natural gas per day. The project 
was delayed for seven years by federal, state, 
and local regulatory obstacles. There were 
three major environmental impact studies, 
2 1  major public hearings, 1 0  major govern­
ment approvals, 5 1  consultant studies, and 
1 2  lawsui ts involving the project, some 
initiated by the project. After an i nvestment 
of more than $380 million, the project 
finally began producing oil in April 1 98 1 .  

• PACTEX. Sohio marine termina l  and pipe­
l ine, Long Beach. California, to Midland. 
Texas: 500 MB/D. This pipeli ne was 
intended to carry Alaskan crude oil  to 
Midland. Texas. and then to the Midwest.  
The project was cancelled after i t  became 
uneconomic following a five-year delay in 
obtaining the necessary federal. state, and 
local air quality permits. 

• Hampton Roads Energy Company oil rfifin­
ery, Portsmouth. Virginia; 1 70 MB/D. An 
eight-year delay was caused in large part by 
needed EPA approval of the SIP under the 
Clean Air Act and a needed dredge and fill 
permit  from the Corps of Engineers. The 
project was cancelled in part due to the 
decreased need for refi nery capacity by the 
time the permit was obtained. 

• Pittston oil rfjinery, Eastport, Maine: 250 
MB/D. The project has been delayed because 
EPA, to protect the habitat of the bald eagle, 
decli ned to issue a water pollution dis­
charge permit. 

• Seadock deepsea port, 3 1  miles south­
southeast of Freeport. Texas: ability to 
receive tankers to 700,000 DWf, with 
unloading rates up to 1 50,000 barrels per 
hour. Cancellation of the project occurred 
after excessive l icensing restrictions forced 
participants to withdraw. 

• Enhanced oil production, Kern County, 
California. Delays caused by failure of EPA 
and the California Air Resources Board to 
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issue necessary permits for steam genera­
tors in the late 1 970's restricted production 
by nearly 200 MB/D. If additional Clean Air 
Act restrictions were removed, heavy oil 
production could increase by 350 MB/D. 

(j Georges Bank Marine Sanctuary proposal. 
The Conservation Law Foundation nomi­
nated the entire Georges Bank fishery as a 
sanctuary-a total of 20,000 square miles 
encompassing the North Atlantic OCS Lease 
Sale area This nomination was submitted 
to delay Lease Sale #42 in mid- 1 979 and to 
reserve the Georges Bank area The fishery 
was placed on the list of areas that could 
possibly be designated a marine sanctuary. 

• Oil and gas production, Bastian Bay. Loui­
siana: 828,000 barrels of oil and 2.9 billion 
cubic feet of natural gas reserves. A delay of 
1 53 days occurred before the Federal Energy 
Regulatory Commission granted a permit to 
build a gas pipeli ne from an offshore 
platform. 

® Oil production, West Hastings Field, Texas: 
4 MB/D. Requirements of the Texas Air 
Control Board and EPA have prevented the 
use of gas-lift compressors since late 1 978. 

• Oil production, Cat Canyon Field, California. 
Two steam generators were shut down due 
to tight natural gas supplies. This resulted 
in a decrease in the production of crude oil. 
An application was made to the California 
Air Pollution Control District for Santa 
Barbara County requesting permission to 
use crude oil for fuel. The d istrict would not 
grant a permit unless the company hired an 
outside consultant to prepare an EIS. The 
resultant delay was estimated to be six to 
eight months. 

* Oil production. USA =If 1 -a Perry County, 
M ississippi .  Normal procedures were fol­
lowed to obtain approval for drilling an 
exploratory well. After drilling, control prob­
lems were encountered and the well had to 
be abandoned. The company wanted to drill 
an identical well only 50 feet from the first 
one. The permitting agency decided that 
doing so would require repetition of the 
entire permitting process and completion of 
another environmental assessment. It is 
esti mated that this requirement delayed the 
project five months. 

• Offshore oil  and gas production. Block 1 04, 
East Cameron. Louisiana. Requests for per­
mits to drill were filed i n  late 1 978, but were 
not awarded until mid-May 1 979. 

• Offshore oil and gas production, Block 687. 
Matagorda Island off Texas. An exploration 



plan was filed wi th the appropriate regula­
tory agencies in April 1 978. The company 
did not obtain approval until January 1 979. 
The delay stemmed pri marily from the U.S. 
Fish and Wildlife Service's concern that 
boats and helicopters passing through the 
intercoastal waterway to and from the 
drilling rig would disturb the winter nesting 
grounds of whooping cranes located in the 
Aransas National Wildlife Refuge. I t  has 
been demonstrated that this is not the case. 

11 Offshore oil and gas production, Block 9 1 2. 
off Georgia. This tract was purchased at the 
federal lease sale held March 28, 1 978. 
Requests for permits were sent to the U.S. 
Army Corps of Engineers on May 26, to EPA 
on June 1 2, and to USGS on December 27. 
The well permit was not granted until May 
1 6, 1 979, almost one year after the fi rst 
requests were submitted. 

e Q[fshore oil and gas production, Block 1 39, 
Sou th Marsh Island, Gulf of Mexico. Th is 
tract was purchased at the federal lease sale 
held December 1 9, 1 978. Requests for a 
drill ing permit  were sent to EPA on Febru­
ary 26, 1 979, and to the USGS on March 9. 
The well permit  was received on July 1 2. 
1 979. approxi mately five months after it  
was requested. 

11 Offshore oil and gas production, Santa 
Barbara C hannel, California. After the 1 969 
Santa Barbara oil spill, the USGS i mposed a 
moratorium on construction of all addi­
tional platforms in the area while it studied 
the cause of the spill. Installation of Plat­
form Henry was delayed approximately 1 1  
years before the USGS finally approved the 
third development plant. 
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Chapter Three 

Other Issues of the 1 980's 

Environmental issues that the NPC 
believes may be significant in the 1 980's are 
briefly mentioned in the Executive Summary. 
There are several other issues whose causes 
are not clearly defined and that are affected by 
many factors and industries, of which the 
petroleum i ndustry is only one. Of concern are: 
the ecological and public health effects of. and 
the control strategies for. acid rain: the C0 2 
"greenhouse" effect; groundwater contamina­
tion; and indoor air pollution. Groundwater 
contamination is discussed briefly in Chapter 
Two. The remaining issues and the setting of 
NMQS are discussed below. 

Acid Rain 
The phenomenon of "acid rain" has lately 

drawn increasing attention because of claims 
that it is causi ng environmental damage in the 
United States and Canada These claims have 
been criticized by some as unproven. While 
there are indications that there have always 
been occurrences of natural acid rain, there 
are also indications that man-made pollutants 
from the combustion of fossil fuels contribute 
to the acidity of rainfall. These basic disagree­
ments highlight the uncertainties that policy­
makers confront as they decide what course of 
action should be followed to deal with the acid 
rain issue. 1 Congress recognized these uncer­
tainties when i t  enacted Title VII of the 1 980 
Energy Security Act, which authorizes $50 
million to be spent over the next 1 0  years to 
obtain information on the causes, extent. and 
effects of acid rain. 2 

Definition of Acid Rain 

Acid rain is the common term for the more 
general phenomenon of acid deposition. Acid 
deposition includes acidic snow, sleet. fog, and 
particulate matter as well as acid rain. Pure 

water saturated with C02 yields a pH of 5.6, 
but both natural processes and man's activi­
ties can change i t. Acid rain commonly refers 
to even lower pH values. The acid content of 
rain is generally about 60 percent sulfuric 
acid, 30 percent nitric acid, and 1 0  percent 
hydrochloric acid. There may be small concen­
trations of organic acids present. These pro­
portions vary with region and time. 

Influences on the Acidity of Rain 
The acidity of  rainfall is influenced by the 

amount and kind of gases dissolved in it. 
These include S0 2. NOx , hydrogen chloride, 
and ammonia. Particulate matter may also 
influence rainfall acidity as well as heavy 
metals, which can catalyze the formation of 
stronger acids in rain. All have natural and 
man-made origins. 

There is increasi ng evidence that S02 and 
NO x emissions that come primarily from the 
burning of fossil fuels cause acid rain. One 
report has suggested that local oil-fired 
sources (util ity, residential ,  and commercial 
boilers) may contribute to precipitation acidity 
because burning oil produces sulfates directly 
in the boiler, and produces catalytic materials 
that catalyze the transformation of so 2 into 
sulfates in the atmosphere. 3 Oil-fired sources 
also generate NOx . To determine whether these 
beliefs are valid, it is necessary to know the 
relationship between S0 2 and NO x emissions 
and the pH of rain. However, this emis­
sions/pH relationship is  very complex and 
consists of at least six components: 

• Amount of S02 and NOx emissions 

• Mechanism (especially conversion rates) by 
which so2 and NO X emissions are con­
verted into sulfates and nitrates 

• Atmospheric transport of pollutants, includ­
ing meteorological factors 
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• Efficiency with which clouds incorporate 
pollutants 

• What happens within the clouds that affects 
the acidity of rain 

• Changes in the raindrops as they fall 
through the atmosphere. 4 

Except for the amount of emissions, which 
is fairly well known for anthropogenic sources, 
knowledge about the remaining five compo­
nents is limited.5 This lack of knowledge 
prohibits prediction of what effect a �iven level 
of S0 2 and NO x: emissions (or emisswns 
reduction) will have on the acidity of rain. 

Effects of Acid Rain 
There is no consensus among researchers 

about the types and magnitude of the poten­
tial adverse impacts of acid rain. However, acid 
rain can affect aquatic and terrestrial ecosys­
tems, soils, materials, and structures, and even 
man (indirectly). Most of the data available to 
date on impacts of acidic precipitation are 
derived from studies of the effects of increased 
acidity on aquatic organisms. 6 

The acidification of Scandinavian lakes 
has been attributed to acid rain. Lakes with 
depleted fish populations and disturbed biota 
have been discovered in the northeastern 
United States and eastern Canada It is widely 
assumed that the condition results from acid 
rain, but this conclusion has not been proven. 
For instance, local runoff from bogs, polluted 
streams, and mine drainage can be acidic, and 
surrounding bedrock and soils have different 
capabilities to neutralize acid deposition? 

Some observed effects of acidified lakes 
include uptake of heavy metals by aquatic 
biota. loss of young fish and other aquatic 
animals, and elimination of algae and other 
aquatic plants. 8 However, the acidity of fresh­
water lakes reflects not only the acidity of 
precipitation, but also the acidity of local 
inputs (bogs, polluted streams, mine drainage, 
and runoff over watershed areas) and the 
capacity of the bedrock and soils of its 9 
watershed to neutralize acid deposition. 

The effects of acid rain on vegetation 
observed in controlled studies have been both 
detrimental and beneficial. On one hand, 
injury to leaves and the i nduction of lesions in 
crops and trees have been noted: while on the 
benefit side. stimulation and enhanced growth 
of crops and trees have been observed. In 
addition. both inhibition and increased inci­
dence of diseases in certain crops have been 
noted. 10 

The potential impacts of acid rain on 
vegetation and soils have been studied in 
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laboratory experiments using simulations of 
exposure to acid rain. Frequently, the simu­
lated rain has been more acidic than natural 
rain. According to one report, there has been 
no visible or detectable damage to terrestrial 
ecosystems outside the laboratory. 1 1  

Laboratory studies have shown also that 
leaching of some soil nutrients is accelerated 
by increased acidity. Other scientists have 
shown that soil fertility may be increased by 
the deposi tion of nitrates and sulfates (typical 
components of fertilizer) in acid rain. 

Acid deposition is known to corrode 
metals, building materials, paints, and other 
surface coatings. This is likely a complex 
phenomenon enhanced by other pollution 
processes. 1 2  

Few studies have been reported on the 
direct health risks from exposure to acid 
precipitation. There are claims that, poten­
tially, the increased presence and ingestion of 
heavy metals in acidified drinking water could 
represent a health risk. 1 3 However, reported 
concentrations of heavy metals in waters 
analyzed have been orders of magnitude below 
public health drinking water standards.14 

Thus, while laboratory studies have shown 
that potential problems may exist, these stud­
ies generally have not been confirmed by field 
observations. It is difficult to assess the effect 
of acid precipitation on many ecosystems 
against a background of differences caused by 
annual climatic variation. Additional research 
to determine the true state of effects is needed. 

The need for further research was also 
noted by the Committee on the Atmosphere 
and Biosphere of the National Research Coun­
cil (NRC) .  15 The NRC published the results of 
its literature review in October 1 98 1 ,  pointing 
out that scientific evidence on acid deposition 
is "incomplete in many respects." However, it 
"renders a rather unfavorable picture of the 
consequences of current fossil fuel burning 
practices." It says that "the picture is disturb­
ing enough to merit prompt tightening of 
restrictions on atmospheric emissions from 
fossil fuels . . . . " It further concludes that "atmos­
pheric pollution and its consequences deserve 
major consideration when the sources and 
sites of energy production are decided. How­
ever, much remains to be done if we are to 
adequately reassess the ecological significance 
of atmospheric pollutants generated by differ­
ent energy systems." The text of the report is a 
thorough analysis of the effects of acidity on 
aquatic and terrestrial ecosystems: however, 
the study is not definitive because critical 
questions such as atmospheric transport and 
transformation are not explained in detail. 



Trends in Rainfall Acidity 
At present,  there appears to  be no clear 

evidence that rai nfall acidity is increasing. 
Most of the clai ms of increasing rai nfall 
acidi ty are based on maps published by 
Cogbill and Likens. 16 These maps show pH 
contours, which are based on calculated pH 
values. The reported trend toward i ncreasing 
acidity is controversial, however, because rain­
fall data were acquired at different sampli ng 
stations operated over different time periods 
and with different sampli ng methods. Reanaly­
sis of the Cogbill-Likens data by examining 
trends at the same stations have shown there 
is no discernible trend i n  rainfall acidityY 

Other studies reach similar conclusions. 
For example, continuous measurements taken 
over a 1 0-year period at a station in Hubbard 
Brook, New Hampshire. revealed no statistically 
significant trend in rainfall acidity. 1 B  The 
USGS's 1 3-year moni tori ng program in New 
York State also failed to show a significant 
trend in rainfall acidity. 1 9 

Acid Rain Controls 
It may well be that source correction is the 

most costly. and possibly the least effective. 
mitigation strategy. The imposition of more 
stringent emission limitations on large sta­
tionary sources that emit S0 2 and NO ,. has 
been advocated. Although numerous sources 
emit these pollutants. the proponents of con­
trols have, thus far, focused their concerns on 
so 2 emissions from coal-fired power plants. 

The present Clean Air Act contai ns no 
statutory provisions expressly deali ng with 
acid rai n. The EPA recently conducted an 
analysis of the Act and concluded that any 
further emission controls on large sources of 
S0 2 and NO x were either impractical or legally 
unsupportable. Hence. the current reauthoriza­
tion of the Clean Air Act is likely to serve as a 
forum for discussion of acid rain. 

In spite of a lack of explicit  au thority for 
EPA to address acid rain. the Clean Air Act 
and EPA and state regulations presently 
impose significant and costly emission limita­
tions on coal- and oil-fired boilers. especially 
power plants. Specifically. these emission lim­
itations include NSPS, BACT. LAER. Reasona­
bly Available Control Technology. and Best 
Available Retrofit Technology. Other Clean Air 
Act requirements that serve to limi t S02 and 
NO x emissions include NAAQS. PSD incre­
ments ( for attainment areas ) .  stack heigh t 
credit  (limi ting the use of tall stacks) ,  and 
"reasonable further progress" requirement (net 
decline in emissions in nonattai nment areas).  

Nationally, S0 2 emissions are predicted to 
decli ne from 1 9.4 million tons i n  1 979 to 1 8.9 
million tons in 1 990, and to 1 8.5 mill ion tons 
in 20 1 0.20 Because certai n key assumptions 
underlyi ng these predictions are very conser­
vative (e.g .. natural gas will no longer be 
available by the year 2000 ) .  so 2 emissions 
may decline even more. 

National NOx emissions in 1 977 were 
attributed to transportation (43 percent of 
total NO x emissions) ,  utility fuel combustion 
(35 percent) ,  industrial fuel combustion ( 1 2 
percent ) ,  and other sources ( 1 0  percent) .  2 1 
Current DOE projections indicate that NO x 
emissions from utili ties and industrial sources 
may rise between 1 980 and the year 2000. 22 

I mpacts of Control Strategies 
The potential acid rain control strategies 

that EPA examined recently focused on var­
ious ways to reduce so 2 emissions at existing 
coal-fired power plants. because new plants are 
already subject to very stri ngent NSPS for S02 
and NOx . Basically, the cost of these control 
strategies ( if EPA were given authority to 
implement them) could discourage the use of 
existing coal-fired capacity because of the 
expense associated with additional S02 con­
trol. If preliminary assertions concerni ng the 
contributions of oil-fi red boilers to sulfate 
levels (and presumably to acid rain )  are borne 
out, addi tional controls might also be imposed 
on existing oil-fired boilers. affecting the cost 
of oil-generated electricity and therefore the 
demand for oil. I n  any event. because of the 
expense of additional controls, the ultimate 
effect of acid-rain-based controls could be to 
make electricity more expensive and therefore 
less competitive with substitute energy sources, 
such as natural gas. This could reduce the 
demand for both coal- and oil-fired boiler 
capacity and i ncrease the demand for substi­
tute energy sources, such as nuclear energy 
and natural gas. 

To the extent that NOx emissions emerge 
as a key factor i n  the acid rain controversy. 
additional emission reductions could be 
required for mobile sources. Given the state of 
the U.S. automotive industry. any such move 
would be very con troversial. The added 
expense of new motor vehicles could inhibit 
sales of newer. more efficient models. and thus 
contribute to a slowing i n  the anticipated 
decline in the demand for gasoline. 

Finally, the i mposi tion of additional regu­
lations based on acid rain concerns could 
contribute to the uncertainties faci ng those 
industries that operate sources that emi t  
acidic precursors. As the causes and effects of 
acid rain are not yet well understood, no fi nal 
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control strategies should be established. In 
light of the large number of uncertainties 
surrounding acid rain in both the scientific 
and policy areas, there is a need for accelerat­
ing completion of the 1 0-year study required 
by Title VII of the Energy Security Act of 1 980. 

C02 "Greenhouse" Effect 

The CO 2 "greenhouse" effect is a postu­
lated global climate change resulting from 
higher atmospheric CO 2 concentration not yet 
detected in global temperature measurements. 
Like acid rain, the problem is universal and 
not limited to the oil and gas industries. It is 
based upon the fact that CO 2 in the atmos­
phere is transparent to ultraviolet rays i n  
sunlight b u t  is opaque t o  some o f  the infrared 
( heat ) radiation to which a portion of the sun's 
ultraviolet light is converted when it  stri kes 
the earth. This means that if the C0 2 content 
of the atmosphere increases, it would tend to 
prevent the reradiation to space of some of the 
sun's energy and one of the results could be a 
change in climate. including an increase in the 
average global temperature. 

Callendar conjectured that the rapid 
i ncrease in the burning of fossil fuels which 
has occurred since the start of the Industrial 
Revolution will result i n  an increase i n  the 
C02 concentration in the atmosphere.23 C. D. 
Keeling, at Mauna Loa Observatory, Hawaii,  
initiated in 1 958 a program of C02 concentra­
tion measurement in the atmosphere, which 
has been essentially conti nuous ever since. 24 
Data from Mauna Loa and three other loca­
tions are shown graphically in Figure 1 3. 
Seasonal variations, such as rates of photosyn­
thesis and seasonal ocean temperature 
changes, are apparent and of interest. The 
relatively close agreement in absolute quanti­
ties and the similarity of the trends at each of 
the sample locations have established a global 
increase in atmospheric C02 as a credible 
phenomenon. 

The coincidence of this i ncrease with the 
increase in combustion of fossil fuels since 
about 1 860 has led to a widely accepted 
conclusion that the burning of fossil fuels is a 
significant, if not the major, contributor to a 
real i ncrease in atmospheric C02. By 1 97 4, the 
burning of coal accounted for 28 percent of 
C02 production, oil for 35 percent, and natural 
gas for 1 9  percent. 25 It is also recognized that 
agricultural practices such as "slashing and 
burning" can add to atmospheric C02 by both 
the burning of forest biomass and the concom­
i tant reduction in photosynthetic removal of 
C02. 26 Also. in 1 974 the C02 released by 
man-made sources in major areas was: Uni ted 
States. 27 percent: Western Europe. 1 8  percent: 
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the Soviet Union, 1 6  percent: other, 39 per­
cent. 27 Therefore. the C02 problem, if t here is 
one, will require joint action by major powers. 
because unilateral action by an individual 
country or small group of countries will not 
su ffice. 

The question as to whether there will be a 
C0 2 problem has generated considerable 
debate. The one fact that scientists in this 
field seem agreed upon is that there has been 
an i ncrease in global atmospheric C0 2 content 
from about 3 1 5  parts per million volume 
(ppmv) in 1 958 to about 335 ppmv or slightly 
more today. The cause of this i ncrease is 
generally attributed to the large quantities of 
fossil fuel being burned. 

The oceans are a very large potential sink 
for C0 2 and therefore represent a very large 
unknown. The chemistry of C0 2 absorption in 
water is well understood and quantified, 
although there remain questions as to rates 
and equilibria in sea water. The rates of C0 2 
(or carbonate ion) exchange· betwee::1 the 
atmosphere and surface waters and deeper 
waters, and the effects of the varying tempera­
tures of ocean waters in different currents and 
different oceans all are poorly defined as are all 
of the currents and "turnover" rates, which are 
of maximum i mportance in determining the 
rate of the mixing of additional C02 i nto the 
oceans. 

There have been many good estimates of 
the total carbon in the biosphere and the rates 
of exchange due to such processes as photo­
synthesis and decomposition. There have been 
several competent attempts to make mathemat­
ical models of the system and of its major 
parts.28 All of these have added information, 
but the "area of ignorance" in the total subject 
remains very large. Madden and Ramanathau 
have stated that the temperature i ncrease 
expected to accompany the observed CO 2 
concentration increase si nce the start of the 
Industrial Revolution should be detectable 
now. particularly at higher lati tudes. The 
instrumental record does not indicate such a 
temperature shift. 29 On the o ther hand. a 
recent paper by Hansen et al. indicates that 
indeed the global temperature has risen. 30 

The reason that the subject continues to 
cause debate and to stimulate research is that 
it is so very closely tied to the world energy 
problem. If fossil fuel combustion is the major 
cause of i ncreasing atmospheric C02. if the 
increasing C0 2 content will result in large or 
possibly catastrophic climate changes, and if 
natu ral constrai nts are either inadequate or 
too slow to keep the situation sta6le. then 
action must be initiated fairly soon to reduce 
the discharge of CO 2 into the atmosphere. 
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This action could take the form of restric­
tions on the use of fossil fuels. The burning of 
all of the "recoverable resources" of oil (2  
trillion barrels) and of gas (9,000 trillion cubic 
feet) only (not coal) could not raise the global 
C02 level (assuming an airborne fraction of 
0.53) to 500 ppmv, which is considered 
acceptable.3 1 The fossil fuels havi ng much 
greater abundance, particularly coal, are pres­
ent in sufficient quantity to cause unaccept­
able C0 2 (and temperature) levels. 

Thus the C0 2 "greenhouse" effect may or 
may not be a serious problem in the future. If 
i t  will be a serious problem, plans and 
implementation strategies should be developed 
in the near future. The United States and the 

World Meteorological Organization are com­
missioning many additional C02 monitoring 
stations to provide a spatially distributed 
sampli ng network. Present meteorological sta­
tions should provide the necessary notice of a 
warming trend as soon as i t  can be differen­
tiated from "normal" temperature fluctuations. 
The abili ty  to differentiate must be developed. 
In the meanti me, recognizing the i mmensity of 
the energy supply i ndustry and the time 
required to make fundamental changes in 
such supply areas as raw material source, and 
recognizing that any mandated restrictions on 
fossil fuel use would no doubt require such 
fundamental changes, the petroleum i ndustry 
must stay closely aware of progress in this 
field. 
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Indoor Air Pollution 
This issue is now receiving i ncreased 

attention and may be a major issue in the 
1 980's. It is a general concern that is broader 
than the petroleum industry. The issue is 
concerned pri marily with those i ndoor contam­
inants that are generated or liberated indoors. 
When they reach high concentrations they may 
cause nuisances, irritation of sensitive tissues. 
illness, and in some cases death from acute as 
well as chronic exposures. 

Most people spend on the order of 80-90 
per�ent of their time in a house, an office, a 
factory. a store. or a public place such as a 
theater or a restaurant. There is an increasing 
amount of scientific data that show that 
i ndoor exposure to the cri teria and other 
pollutants could be substantial. but there is 
little epidemiological evidence on the health 
effects of the indoor pollutants. Indoor expo­
sure has been largely overlooked in research 
on the health effects of the environmental 
cri teria pollutants even though it is now being 
recognized to be an important aspect of the 
total exposure to many pollutants. 

Indoor air pollution in residences, public 
buildings. and offices is created for the most 
part by the people's activities and their use of 
appliances, power equipment, and household 
materials and chemicals: by wear and tear and 
deterioration of some of the structural and 
decorative materials; by thermal effects: and by 
the intrusion of outdoor ambient air pollut­
ants. In some cases these criteria pollutants 
may represent the most important stress on 
human health and welfare and there is an 
i ncreasing amount of scientific data available 
to establish their effects and establish 
standards. 

Some of the pollutant sources (e.g., 
cigarette smoking) have been recognized for a 
long time, but their importance has only 
recently been evaluated. A number of sources 
are of concern only in the i ndoor environment: 
i.e., cooking, use of chemical consumer pro­
ducts, space heating devices, and floor and wall 
coverings. The expanded use of wood and coal 
for space heating along with kerosine and 
bottled gas, and use of products that liberate 
organic substances are a potential contribu­
tion to the contamination of i ndoor air space. 
In isolated cases, infectious microbes and 
allergenic agents can grow and contribute to 
the indoor problem. 

A recent report by the Committee on 
Indoor Pollutants of the NRC has identified a 
number of specific pollutants and classes of 
pollutants as current or possible i ndoor pol­
lutant problems.32 These are: 
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• Radon 

• Formaldehyde 

• Asbestos 

• Synthetic fibers 

• Tobacco smoke 

• Products of combustion 

• M icroorganisms and allergens 

e Moisture. 
Ventilation alone may not be sufficient to 

dilute indoor pollution to an acceptable level 
and may be inappropriate for a variety of 
reasons: i.e .. not available, not controllable, 
substantial energy penalties, and i ntroduction 
of outside pollutants. The introduction of 
energy conservation systems to reduce ventila­
tion could aggravate problems in i ndoor air 
quality, create new problems ( nuisances), and 
perhaps be generally detrimental to health and 
welfare unless pollultion control measures are 
taken. 

There is no q uestion that there is a great 
complexity to the study of human exposures 
that have multiple sources. The barriers 
between inside and outside air are not abso­
lute, and ambient air contributes to i ndoor air. 
Outdoor and indoor air may react chemically 
to produce a different i ndoor effect. The 
development of effective and efficient control 
strategies for mi tigati ng these suspected 
indoor problems requires a greatly improved 
understandi ng of the exposure levels, the 
human responses to the exposure, and pollut­
ant interactions. 

National Ambient Air Quality 
Standards 

During the 1 970's, when the NAAQS were 
first established and in some cases revised, a 
great deal was learned about air pollution 
causes and effects. Improvements are needed 
in the way the NAAQS are established. 

The NAAQS should be reviewed and 
revised both to reflect sound, up to date 
scientific evidence and to provide a balance 
with other important national goals. In other 
words, the NAAQS must be based on sound 
medical and scientific evidence and must 
protect the public health and welfare with an 
adequate margin of safety. These standards 
should also take i nto account the i mportant 
national goals of producing sufficient energy 
and maintaining a sound economy. 

Some changes in standard setting that 
EPA could consider are: 

e " 'Primary standards" are set at levels that 
protect the public health, plus a margin of 



safety. When setting that margin of safety. 
EPA should consider other relevant factors, 
such as attainability and incremental costs 
and benefi ts. 

• Define adverse health effects and establish 
an acceptable methodology for evaluating 
health risks. EPA's criteria documents and 
policy analysis documents should evaluate 
the studies that are used as a basis for 
deciding a pollutant's health effects. 
Moreover, EPA should recognize the impor­
tance of studies whose findings are sup­
ported in other studies. A qualified scientific 
body, the CASAC of the EPA Science Advi­
smy Board. should evaluate the studies used 
in EPA's cri teria documents as well as the 
end product; i.e .. the NAAQS. Before estab­
lishing a new or revising an old standard. 
EPA should be required to reconcile its 
findings with those of the scientific body 
reviewing these findi ngs. 

• Make sure that proposed NAAQS and excee­
dances of the NAAQS allow for the uncer­
tainty in such factors as unique 

meteorological conditions, air quality moni­
toring, and air quality computer modeling. 
Proposed NAAQS should allow more flexibil­
ity in determining exceedances ( instances 
when the specified air quality limit is 
exceeded ),  and take i nto account natural 
occurrences and emergency pollution 
episodes. 

• Analyze additional costs and benefits and 
take regional differences into account i n  
setting the secondary standards, those 
standards that are intended to protect 
property. plants, aesthetics, and other public 
welfare values. 

The issue of how to set and attain the 
NAAQS. both primary and secondary, will be a 
major issue of the 1 980's. The debate is j ust 
now heating up and will probably continue for 
some time until the NAAQS are revised and in 
place. As more knowledge is obtained, i t  is 
conceivable that this issue will periodically be 
raised and debated far into the forseeable 
future. 
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Appendix A 

THE SECRETARY OF ENERGY 
WASHINGTON, D.C.  20686 

Mr . C .  H .  Murphy , Jr . 
Cha i rman 
Nationa l Petro l e um  Coun c i l  
1 625 K Street , N . W .  
Wa shington , D . C .  20006 

Dea r  Mr . Murphy : 

April 9 ,  1980 

I n  1 9 7 1 , a t  the reque s t  of the S e c reta ry o f  the Inte r io r , the Na t i onal 
Petroleum Coun c i l  pub l i shed a s tudy repo rt ent i t l e d  Envi ronmenta l 
Cons e rva t ion . Thi s  rep o r t  d e a l t  wi th the env i ronmenta l e f fe c t s  o f  the 
petroleum indus t ry and ha s been of great a s s i s tance to Gove rnment o ff i c i a l s  
making po l i cy de c i s i ons invo lving p o l lut ion contro l r e gu l a t i ons . 

During the p a s t  de cade , extens ive new s t a tuto ry and regul a t o ry f r amewo rks 
have been e s tab l i shed in regard to envi ronmenta l requi r ements a f f e c t ing 
oil and gas ope ra tions . Add i t i ona l ly , s i gn i f i cant techno l o g i c a l  a dvances 
in the o i l  and ga s indus t ry have o c curred s ince 1 9 7 1 . The s e  a dva n c e s  not 
only incre a s e  e c onom i c  e f f i c iency but mitigate env i ronmenta l ha z a r d s  as  
we l l . 

I reque s t  tha t the Nati ona l Petro l eum Counc i l  unde rtake to update the 1 9 7 1 
rep o rt on Envi ronment a l  Cons e rva t i on . I n  thi s up date , s p e c i a l  empha s i s  
s houl d b e  p l a c e d  o n  dete rmining the envi ronmenta l p rob l ems tha t a re mo s t  
s e rious and the imp a c t  o f  current envi ronmenta l c o nt r o l  regul a t i on s  on the 
ava i l ab i l ity and c o s t  of petro l eum p roducts and natura l ga s .  

Fo r purp o s e s  o f  thi s s tudy , I w i l l  de s i gnate R .  Dob i e  Langenkamp , the 
Deputy As s i s tant S e c reta ry f o r  Re s ource Deve l opment and Op e r a t ions , 
Re s ource App l i c a t i ons , to rep r e s ent me a nd to p rovi d e  the ne c e s s a ry 
c o o rdination betwe en the Depa rtment o f  Ene rgy and the Nati ona l Petroleum 
Counc i l . 

S in c e re ly , 

:;p . A"! 
/ .1 1 Y·? j 
.. ., v..:::· A' 
�arl�s W. Duncan , Jr .' 

() 
' / 
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Background Information on the National Petroleum Council 

In May 1 946. the President stated in a letter to the Secretary of the Interior that he had been 
impressed by the contribution made through government/ industry cooperation to the success of the 
World War II  petroleum p rogram. He felt that it would be beneficial if this close relationship were to be 
continued and suggested that the Secretary of the Interior establish an industry organization to advise 
the Secretary on oil and natural gas matters. 

Pursuant to this request, Interior Secretary J. A Krug establi shed the National Petroleum 
Council on June 1 8, 1 946. In October 1 977, the Department of Energy was established and the 
Council's functions were transferred to the new department. 

The purpose of the NPC is solely to advise. inform, and make recommendations to the Secretary of 
Energy on any matter, requested by him, relating to petroleum or the petroleum i ndustry. The Council 
is subject to the provisions of the Federal Advisory Committee Act of 1 972. 

Matters which the Secretary of Energy would like to have considered by the Council are 
submitted as a request in the form of a letter outlining the nature and scope of the study. The request is 
then referred to the NPC Agenda Committee which makes a recommendation to the Council. The 
Council reserves the right to decide whether or not it will consider any matter referred to i t. 

Examples of recent major studies undertaken by the NPC at the request of the Department of the 
Interior and the Department of Energy include: 

• Environmental  Conservation-The Oil and Gas Industries ( 1 97 1 , 1 972) 

• U.S. Energy Outlook ( 1 97 1 .  1 972) 

• Potential for Energy Conservation in the United States: 1 97 4- 1 978 ( 1 97 4 l 
• Potentia lfor Energy Conservation in the United States: 1 979- 1 985 ( 1 975 ) 

• Ocean Petroleum Resources ( 1 975) 

• Petroleum Storagefor National Security ( 1 975) 

• Enhanced Oil Recovery ( 1 976 ) 

• Materials and Manpower Requirements ( 1 974, 1 979 ) 

• Petroleum Storage & Transportation Capacities ( 1 974, 1 979 ) 

• Refinery Flexibil ity ( 1 979, 1 980 ) 

• Unconventional Gas Sources ( 1 980 ) 

• Emergency Preparedness for Interruption of Petroleum Imports into 
the United States ( 1 98 1  l 

• U.S. Arctic Oil and Gas (1 981 ) 

The NPC does not concern i tself wi th trade practices, nor does it engage in any of the usual trade 
association activi ties. 

Members of the National Petroleum Council are appointed by the Secretary of Energy and 
represent all segments of petroleum interests. The NPC is headed by a Chairman and a Vice Chairman 
who are elected by the Council. The Council is supported entirely by voluntary contributions from its 
members. 
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National Petroll.eu.m Cm.llncil 
Membership 

ABERNATHY, Jack H.  
Vice Chairman 
Entex, Inc. 

ALHADEFF. Victor D. 
Chairman 
ENI Corporation 

ALLEN. Jack M .. President 
Alpar Resources. I nc. 

ANDERSON, Robert 0. 
Chairman of the Board 
Atlantic Richfield Company 

ANGEW. Ernest, Jr. 
Midland, Texas 

BAILEY, R. E. 
Chairman and 

Chief Executive Officer 
Conoco Inc. 

BASS. Sid R., President 
Bass Brothers Enterprises. Inc. 

BAUER. R. F. 
Chairman of the Board 
Global Marine Inc. 

BELFER. Robert A. President 
Belco Petroleum Corporation 

BOOKOUT. John F. 
President and 

Chief Executive Officer 
Shell Oil Company 

BOWEN, W. J. 
Chairman of the Board 
Transco Companies Inc. 

BRUMLEY, I. Jon 
President and 

Chief Executive Officer 
Southland Royalty Company 

BUFKIN. I. David 
Chairman and 

Chief Executive Officer 
Texas Eastern Corporation 

1 98 1  

BURTIS, Theodore A 
Chairman of the Board 
Sun Company. I nc. 

CALAWAY. James C .. President 
Southwest M inerals. Inc. 

CARL. William E., President 
Carl Oil and Gas. I nc. 

CARVER. John A, Jr. 
Director of the Natural 

Resources Program 
College of Law 
University of Denver 

CHAMBERS. C. Fred, President 
Chambers Oil & Gas 

CHANDLER. Collis P., Jr. 
President 
Chandler & Associates, I nc. 

CHENAULT, James E . .  Jr. 
President 
Lone Star Steel 

CLARK, E. H., Jr. 
Chai rman of the Board 
President and 

Chief Executive Officer 
Baker I nternational 

COPULOS. Milton 
Energy Analyst 
Heritage Foundation 

COX, Edwin L. 
Oil and Gas Producer 
Dallas. Texas 

DORN, David F. , President 
Forest Oil Corporation 

DOUCE, William C. 
President and 

Chief Executive Officer 
Phillips Petroleum Company 

DURST, Roy T. 
Consulting Engineer 
Fort Worth. Texas 
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EMISON, James W., President 
Western Petroleum Company 

EVANS, James H., Chairman 
Union Pacific Corporation 

FAHERlY, John E., President 
Crown Oil and Chemical Company 

FOSTER, John S., Jr. 
Vice President 
Science and Technology 
TRW I nc. 

GALLAND, R I .  
Chairman of  the Board 
American Petrofina Incorporated 

GARVIN, C. C., Jr. 
Chairman of the Board 
Exxon Corporation 

GARY, James F. 
Chairman and 

Chief Executive Officer 
Pacific Resources, I nc. 

GARY, Joe F., President 
Sooner Petroleum Company 

GERTZ, Melvin H. 
Chairman of the Board 
Guam Oil & Refining Company, Inc. 

GLANVILLE, James W. 
General Partner 
Lazard Freres & Company 

GONZALEZ, Richard J. 
Energy Economic Consultant 
Houston, Texas 

GOSS, Robert F., President 
Oil, Chemical and Atomic Workers 

I nternational Union 

GOTTWALD, F. D., Jr. 
Chief Executive Officer, 

Chairman of the Board and 
Chairman of Executive Committee 

Ethyl Corporation 

GRAHAM, David B. 
Deputy General Counsel 
Velsicol Chemical Corporation 

HAIR, Jay D. 
Executive Vice President 
National Wildlife Federation 

HALBOU1Y, Michel T. 
Consulting Geologist and 

Petroleum Engineer 
Houston, Texas 

HAMILTON, Frederic C., President 
Hamilton Brothers Oil Company 

HAM MER, Armand 
Chairman of the Board and 

Chief Executive Officer 
Occidental Petroleum Corporation 

HAMON, Jake L. 
Oil and Gas Producer 
Dallas. Texas 

HARBIN, John P. 
Chairman of the Board and 

Chief Executive Officer 
Halliburton Company 

HARTLEY, Fred L. 
Chairman and President 
Union Oil Company of California 

HAUN, John D. 
Evergreen, Colorado 

HAYES, Denis 
Golden, Colorado 

HEFNER, Robert A Ill  
Managing Partner 
The GHK Company 

HESS, Leon 
Chairman of the Board and 

Chief Executive Officer 
Amerada Hess Corporation 

HINERFELD, Ruth J. ,  President 
League of Women Voters 

of the United States 

HOOPMAN, H.  D. 
President and 

Chief Executive Officer 
Marathon Oil  Company 

HUDSON, Mary, President 
Hudson Oil Company 

HUFFINGTON, Roy M. ,  President 
Roy M. Huffington, Incorporated 

HUTCHISON, William L. 
Chairman of the Board and 

Chief Executive Officer 
Texas Oil and Gas Corporation 



JACOBY. Professor Henry D. 
Director, Center for Energy 

Policy Research 
Massachusetts Institute 

of Technology 
Sloan School of Management 

JONES, A V., Jr. 
Partner 
Jones Company 

KANEB. John A. Chai rman 
Northeast Petroleum 

Industries, Inc. 

KELLER George M.  
Chairman of the Board and 

Chief Executive Officer 
Standard Oil Company of California 

KETELSEN, James L. 
Chairman and 

Chief Executive Officer 
Tenneco Inc. 

KLINKEFUS. John T., President 
Berwell Energy, Inc. 

KOCH. Charles G. 
Chairman and 

Chief Executive Officer 
Koch Industries. Inc. 

LICHTBLAU, John H. 
Executive Director 
Petroleum Industry 

Research Foundation, Inc. 

LIEDTKE, J. Hugh 
Chairman of the Board 
Chief Executive Officer 
Pennzoil Company 

McAFEE, Jerry 
Chairman of the Board 
Gulf Oil Corporation 

MacA VOY. Paul W. 
Frederick William Beinecke 

Professor of Economics 
Yale University 

MacDONALD. Peter, Chairman 
Council of Energy Resource Tribes 

McGEE, D. A, Chairman 
Kerr-McGee Corporation 

McKINLEY, John K. 
Chairman and 

Chief Executive Officer 
Texaco Inc. 

McMILLIAN, Joh n  G. 
Chairman and 

Chief Executive Officer 
Northwest Alaskan 

Pipeline Company 

McWILLIAMS, W. K., Jr. 
President 
W. K. M. Investments. Inc. 

MAGUIRE, Cary M .. President 
Maguire Oil Company 

MARSH, C. E., I I  
President 
Mallard Oil & Gas Company 

MASSELLI, David C.  
Antaeus: Resources Consulting 

MAYER F. R. 
Chairman of the Board 
Exeter Company 

MEDDERS, Thomas B., Jr. 
Partner 
Medders Oil Company 

MILLER C. John, Partner 
Miller Brothers 

MOFFETT. James R. 
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Appendix C 

Environmental and Resource Conservation Laws 
Enacted by Congress, 1 9 70- 1 980 

1 970-National Environmental Policy Act 
Clean Air Act Amendments 
Water Quality Improvement Act 
Water Bank Act 

1 97 1 -Alaska Native Claims Settlement Act 

1 972-Federal Water Pollution Control Act 
Amendments 

Coastal Zone Management Act 
Environmental Pesticide Control Act 
Noise Control Act 
Marine Mammal Protection Act 
Marine Protection Research and Sanc-

tuaries Act 
Ports and Waterways Safety Act 

1 973-Endangered Species Act 

1 974-Safe Drinking Water Act 
Energy Supply and Environmental 

Coordination Act 
Energy Reorganization Act 
Deepwater Port Act 
Water Resources Development Act 
Forest and Rangeland Renewable 

Resources Planning Act 
Eastern Wilderness Areas Act 

1 975-Energy Policy and Conservation Act 

1 976-Federal Land Policy and Management 
Act 

National Forest Management Act 
Toxic Substances Control Act 

Energy Conservation and Production 
Act 

Coal Leasing Act Amendments 
Resource Conservation and Recovery 

Act 
Fishery Conservation and Management 

Act 
Land and Water Conservation Fund Act 

Amendments 

1 977 -Surface M ining Control and Reclama­
tion Act 

Clean Air Act Amendments 
Federal Water Pollution Control Act 

Amendments (Clean Water Act)  
Soil and Water Resources Conservation 

Act 

1 978-0uter Continental Shelf Lands Act 
Amendments 

Endangered Species Act Amendments 
National Parks and Recreation Act 
Clean Water Act Amendments 

1 979-Emergency Energy Conservation Act 
Safe Drinking Water Act Amendments 
Water Bank Act Amendments 

1 980-Alaska National Interest Lands Conser­
vation Act 

Comprehensive Environmental 
Response, Compensation and 
Liability Act of 1 980 

Solid Wastes Disposal Act Amendments 
Used Oil Recycling Act of 1 980 
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Appendix D 
Summary of Comments on 

Synthetic Fuels and the Environment 

Introduction 

In preparing this update of the 1 97 1  
National Petroleum Council ( NPC ) report. the 
NPC recognized the importance of including 
synthetic fuels. which were not discussed in 
the previous report. However, the NPC also 
recognized that. as the synthetic fuels industry 
is just entering the commercialization stage, 
an overall assessment of this rapidly changing 
industry could not be accomplished within the 
same amount of time as an assessment of the 
mature conventional petroleum industry. The 
NPC chose instead to evaluate the existing 
li terature on the subject and to offer recom­
mendations for improvement of any future 
studies on this subject that may be 
undertaken. 

The NPC's analysis is based on a review 
and assessment of the assumptions, methodol­
ogy, and conclusions of the June 1 980 U.S. 
Department of Energy (DOE) report entitled 
Synthetic Fuels and the Environment, a 
recent. comprehensive report evaluating the 
environmental concerns associated with syn­
thetic fuels development. While an extensive 
li terature search was conducted and other 
reports were examined, none were found to 
have the depth and wide coverage of the DOE 
report. The NPC recognizes that any report on 
a rapidly developing industry is quickly ren­
dered out of date by changes in technology, 
regulations, and other factors. The Council 
believes, however, that a review and assess­
ment of the DOE effort can identify areas of 
improvement in organization, data collection, 
and analysis that may be helpful in future 
assessments. 

Sum1118.1Y and Conclusions 

The Council determined that. in general, 
the DOE report, Synthetic Fuels and the 

En viron ment. presents a useful, objective anal­
ysis of the i mpact of synthetic fuels develop­
ment upon the environment, and the 
concurrent impact of environmental regula­
tions on the rate and extent of i nd ustry 
development. However, in light of the rapidly 
evolvi ng technologies and changes in legisla­
tive and regulatory controls, there is no doubt 
that the DOE report is dated. In addi tion, 
certain subjects were insufficiently covered in 
the DOE report. including: 

• The role of state and local governments 

• Environmental research conducted by 
industrial laboratories 

• The comparative environmental i mpacts of 
synthetic fuels relative to the conventional 
petroleum industry and other i ndustries 

• Human health concerns and protective 
measures. 

With respect to broad issues raised by the 
DOE report, the NPC concluded that: 

• All synthetic fuels development is i mprop­
erly divided into two time frames: research 
and development from 1 980 to 1 985, and 
commercialization from 1 985 to 1 990. In  
fact. the timetable will vary widely among 
the various synthetic fuel technologies. 

• The report correctly states that first genera­
tion plants require close environmental 
scrutiny. However, the knowledge gained 
from these plants should be used not only 
to assure the adequacy of environmental 
controls, but also to avoid unnecessarily 
severe controls. 

• The DOE report states that new major 
regulatory constraints are unlikely to 
emerge. While this may be true, the DOE 
report overlooks the cumulative effect of 
numerous small, site-specific constraints, 
which cause lengthy delays. The Council 
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believes that the DOE report estimates of 24 
to 36 months for permit acquisitions are 
overly optimistic. The NPC believes that 24 
to 48 months is more realistic. 

• The DOE report implies that smaller plants 
are more advantageous than larger scale 
plants. This is not necessarily true. There 
will be many cases where large plants offer 
cost and environmental control advantages 
over small plants. 

With respect to specific technologies, the 
NPC found the following principal areas of 
disagreement: 

• In the case of oil shale, the DOE report 
improperly groups the various techniques 
together, although each of the mining and 
process options has unique environmental 
impact characteristics. The section on the 
disposal of spent shale does not adequately 
acknowledge the amount of research con­
ducted on this subject nor the current state 
of knowledge. The DOE report also indicates 
that zero wastewater discharge will be 
generally practical. Although it will be 
practical in some instances, practices will 
vary as a function of the process and the 
meteorology of the location. 

• In discussing coal conversion, the DOE 
report again improperly groups disparate 
technologies. Coal gasification and asso­
ciated indirect liquefaction processes differ 
greatly from direct coal liquefaction. 

• The DOE report places undue emphasis on 
alcohols derived from biomass and urban 
waste conversion. The future production of 
alcohols from these processes could be 
dwarfed by the amount of alcohols and 
alcohol-derived fuels manufactured by coal 
gasification, which deserve greater atten­
tion. The environmental impacts of biomass 
and urban waste conversion are also dis­
similar and should be treated separately. 

The following comments on the DOE 
report involve environmental issues common 
to all synfuel technologies: 

• Worker safety and health problems have 
been studied far more extensively than is 
indicated in the DOE report. Many problems 
have already been encountered in other 
industries and their experiences and control 
technologies may also be appropriate to the 
synfuels industry. Problems unique to the 
synthetic fuels industry are being carefully 
investigated by industry, government, and 
other groups, notably the National Institute 
of Occupational Safety and Health. 
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• Although the report recognizes the impor­
tance of socio-economic questions, it fails to 
recognize the efforts made by industry to 
alleviate socio-economic impacts of 
development. 

• The DOE report attempted a comprehensive, 
regional analysis of all factors affecting site 
selection. Although it provides a useful 
insight into the complex problems involved, 
it projects an unwarranted degree of preci­
sion. Too many uncertainties exist to allow 
meaningful conclusions to be drawn, espe­
cially in the area of air impact analysis 
where no generally acceptable models exist. 

• Standard setting for synfuels facilities is a 
sensitive issue. The standards for first­
generation plants will be set on a case-by­
case basis. For these plants, standards 
should be comparable to analogous new 
sources. Where nonconventional contami­
nants are encountered, suitable control 
requirements should be imposed. 

• The DOE report correctly states that biologi­
cal monitoring and health effects testing 
will be necessary for synthetic fuel develop­
ment. However. the large amount of such 
work already completed or under way is not 
recognized. In addition. the mitigating 
effects of product upgrading processing on 
toxicity are not mentioned in the DOE 
report. 

While the need for additional reports at 
this time is questioned, the NPC recommends 
that, should additional reports be undertaken, 
the scope of the analyses be brief, issue 
oriented, or site specific, rather than all­
inclusive. Separate analyses would avoid the 
treatment of dissimilar problems as equally 
critical, and a clearer knowledge would be 
gained of the particular needs of each 
technology. 

Improved data sources now exist, many of 
them site and/ or process specific. These 
sources i nclude private research, permit appli­
cations, monitoring i nformation, and 
government reports. Utilizing available site­
specific data is recommended as it was 
observed that many, if not all, of the impacts 
of synfuels development will be felt primarily 
in the state and local communities where the 
facilities are located. Attempts to accommodate 
the communities involved result in differing 
permitting times and conditions. levels of 
public acceptance, types of environmental 
controls needed, and socio-economic impacts. 



Appendix E 

Executive Summary 
U.S. Arctic Oil and Gas 

(This appendix was reprinted i n  i ts entirety 
from the 1 98 1  National Petroleum Council report. U.S. Arctic Oil and Gas.) 

PREFACE 

O n  Ap r i l  9 ,  1 98 0 .  t h e  N a t i o nal 
Petroleum Council (NPC ) .  a federal advisory 
committee to the Secretary of Energy. was 
req uested by the Secretary to undertake a 
comprehensive study of Arctic area oil  and 
gas development. 

In  requesti ng the study, the Secretary of 
Energy specified that: 

. . .  the st udy should include: resou rce 
assessment information: an engi neeri ng 
economic analysis  for explorat ion. de­
velopment. and production act ivi t ies: a 
state-of- the-art presentation on the ade­
quacy of available recovery tech nology 
and prospects for i nnovative tech nology 
requi red by the harsh Arctic cli mate: an 
assessment  of the envi ronmental im­
pact of Arctic oil  and gas operati ons and 
of the avai lable m i t igating measures: a 
comprehensive review of t he adeq uacy 
of the exist ing oil  and gas t rdnsporta­
tion infrastructure and proposal s for 
i mprovi ng th is  si tuation: and a discus­
sion of any international j u risdict ional 
questions that may affect Arctic area 
development. 

The complete text of the Secretary's 
req uest letter and a description of the 
National Petroleum Council are provided i n  
Appendix A 

To assist i n  i ts response to the 
Secretary's request. the NPC established the 
Committee on Arctic Oil and Gas Resources 
under the chairmanship of Robert 0. 
Anderson. Chairman of the Board. Atlantic 
Richfield Company. Hon. Jan W. Mares, 
Assistant Secretary for Fossil Energy, U.S. 

Department of Energy. served as Govern­
ment Cochai rman of the Commi ttee. The 
Com mi ttee es tabl i shed a Coord i nati ng 
Subcommi ttee and seven Task Groups to 
provide coord i nation and technical advice 
for the Committee. Rosters of these study 
groups are i ncluded i n  Appendix B. The 
broad membership of these groups i ncludes 
re p re se n t a t i ve s  o f  b o t h  m aj o r  a n d  
i ndependent petroleum- related companies: 
federal. state. and local governments: the 
academic communi ty: the envi ronmental 
movement:  organized labor: consultants: 
and Alaskan native organizat ions. As might 
be ex p e c t e d  w i t h  s u c h  a d i ve rse 
membersh i p .  all part i c i pants do not 
necessari ly endorse each fi nd i ng and 
reco m me ndat ion :  however. t h i s  report 
represents a consensus of the part ici pants' 
views. 

Geographic Area of the U.S. Arctic 

In d iscussions wi th  representatives of 
the U.S. Department of Energy during the 
early stages of th is  study. the Arctic area 
referenced in the Secretary's req uest letter 
was defi ned as seabed and subsoi l  under the 
resou rce jurisdiction of the Uni ted States 
north of the Aleu t ian Islands offshore and 
land terri tory north of the Brooks Range 
onshore. Accord i ngly. the terms "U.S. Arctic" 
and "Alaskan Arctic" as used in this report 
include the Beri ng Sea. a sub-Arctic  region. 

D u e  to d i ffe re n c e s  i n  p hys i cal  
envi ro n me n t .  opera t i o nal req u i rements. 
and industry's expert ise in the Arctic. three 
geograph ic regi ons. as shown i n  Figure l .  
were defi ned for the purposes of this study. 
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Region I. onshore Alaska north of the Brooks 
Range. is composed of the coastal plai ns and 
the foothills of the Brooks Range. Region II .  
the Bering Sea, includes a broad continental 
shelf less than 650 feet ( 200 meters) i n  water 
depth: however. the southwest portion of the 
region falls off rapidly to extreme water 
depths. This  region is characterized by 
seasonal ice and severe storms. Region I I I . 
the offshore area north o f  the Bering Strait. 
i ncludes the Beaufort and C hukchi Seas. 
This region also has a continental shelf that 
falls off gradually to 650 feet in depth and 
more rapidly to greater depths. The maj ori ty 
of thi s  region is characterized by multi-year 
ice wi th ice ridges that may reach a 
thickness of 1 50 feet (45 meters) .  although 
the area very near the coast may be ice free 
for as much as three months a year. 

Task Groups 
Seven Task Groups were establ ished to 

p rovi de speciali zed expe rt ise for the 
development of this report. Experts i n  the 
areas of j u risdictional issues. resource 
assess me n t .  exp l o rat i o n .  p rod u c t i o n .  
transportation. environmental protection. 
and economics provided the data and 
support for this report. 

The Jurisdictional Issues Task Group 
defined. for the purposes of this report. the 
terri torial and seabed and subsoil  l i mits of 
the United States in the Arctic area. applyi ng 
p ri nc i ples e m b o d i e d  i n  i n te rnat i o nal  
agreements and i n  the Draft Convention on 
the Law of the Sea. The Task Group also 
identified areas of state/federal dispute. 
native claims. and land withd rawal that may 
affect oil  and gas operations i n  the Arctic. 

The Resource Assessment Task Group 
made esti mates of  the conventionally 
recoverable undi scove red o i l  and gas 
resources in the Arctic. utilizing the expert 
opinions of 1 7  organizations or i ndividuals 
that responded anonymously to the NPC 
Assessment of Arctic Oil  and Gas Potential 
quest ionnai re .  An i ndependent public 
accounting fi rm aggregated the survey 
results for 20 geologic, geographic,  or 

jurisdictional areas. Using Monte Carlo 
tec h n i q ues.  the Task G ro u p  p rovided 
resource assessments for the total Arctic 
area and the three regi ons previously 
described. 

Petroleum operations in the Arctic were 
e x a m i n e d  by t h re e  T a s k  G ro u p s :  
Explorati on. Production. and Transporta­
tion. Each of these Task Groups developed a 
comprehensive review of all factors related 
to Arc t i c o p e ra t i o n s .  e s p e c i ally t h e  
li mitations of conventional methods and the 
opportuni ties for the development of 
innovative techniques to be used i n  the 
Arct ic. These Task Groups also developed 
cost data on Arctic operations and exami ned 
the effect of the Arctic envi ronment on the 
ti mely development of oil and gas resources. 

The Economics Task G roup u t i l ized the 
o u t p u t  from t he o t her Task G roups to 
de termi ne the economic a t t ract iveness of 
selected areas and to calculate their  
eco n o m i c ally at tai nable re s o u rc e s .  In  
add ition. the sensitivity of these results to  
changes in key parameters such as t imi ng 
we re e va l u a t e d . a n d  t o t a l  c a p i t a l  
requirements were esti mated . 

The Envi ron mental Protection Task 
Group exami ned the physical and biological 
e n v i r o n m e n t  i n  w h i c h  p e t r o l e u m  
operations may occur. noted the effect these 
operations may have upon the e nvironment. 
examined the risk avoidance and mitig!ltion 
techniques that can be e mployed to protect 
the Arctic envi ronment. and identified 
environmental data needs. In addi tion. the 
impact of operations upon Alaskan native 
populations as well as legislative and 
regulatory constrai nts to oil and gas 
development were stud ied .  

The work of these seven Task Groups is  
the basis for this report and many of their 
fi ndings have been i ncorp orated into it .  The 
worki ng papers submi tted by the individual 
Task Groups for the use of the C oordi nating 
Subcommi ttee are available from the office 
of the National Petroleum Council .  A listi ng 
and abstracts of these worki ng papers are 
presented in Appendix G. 
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Findings and Recommendations 

Findings 

I t  is the Council 's j udgment that oil  and 
gas production from undeveloped areas i n  
the U.S. Arctic could make a significant 
contribution to the nat ion's future energy 
supply. This j udgment i s  based on the 
analyses set forth in this report and on the 
expertise of the study partici pants. and is 
supported by the following fi ndi ngs: 

• Substantial u.md.iscovered. oil and gas 
resources are believed to exist in the 
Arctic regions of the United States. The 
total potentially recoverable undiscovered 
oil and gas resources i n  the U.S. Arctic are 
esti mated to be approximately 24 billion 
barrels of oil  and 1 09 trill ion cubic feet of 
total gas. or a total of 44 bill ion barrels of 
oil  and oil-eq u ivalent  gas. I t  is also 
estimated that there is a 1 percent 
probabili ty that the total undiscovered 
recoverable resources i n  this  area could 
exceed 99 bill ion barrels of oil and oil­
equivalent  gas: there is an est imated 99 
perce n t  p robab i l i ty t h a t  the t o tal  
u ndiscovered recoverable resources will 
exceed approximately 1 3  bi ll ion barrels of 
oil  and oil-equivalent  gas. These resources 
consti tute a significant portion of total 
U.S. undiscovered oil and gas. I t  is fel t  that 
the Arctic Slope and the Beri ng. Beaufort. 
and Chukchi Seas all contain basins wi th 
significant promise. 

• The basic technology is available to 
safely explore for, produce, and 
transport oil and gas in most of the U. S. 
Arctic. I ndustry experience in the North 
Slope area, Cook Inlet. Gulf  of Alaska. 
Canadian Arctic. North Sea. and in other 

cold . hazardous. or deep-water areas 
provides the basis for the design. con­
struction. and operation of systems i n  
Arc t ic regions. Proven technology exi sts 
for onshore operations. Proven technology 
and sufficient information and technical 
expert ise for advanced design work is 
avai lable for the i nd ustry to p roceed 
confidently wi th operations i n  water as 
deep as 650 feet in the southern Beri ng 
Sea and to about 200 feet in the more 
severely ice-covered areas of the northern 
Beri ng. C h ukchi .  and Beaufort Seas. 
These capabi l i t ies will allow development 
of prospective areas i n  all of the northern 
Beri ng Sea. most of the sou thern Beri ng 
Sea. and well out i nto the ice-covered 
areas of the C h ukchi and Beau fort Seas. 

® Long lead. times are required prior to 
production in the Arctic because of its 
harsh climate, remote location, and the 
large scale of the projects. Dependi ng on 
the location. at least 9 to 1 4  years will be 
req u i red for planni ng. permi t t i ng. explo­
ration. development drill i ng. design work. 
facil i ty construction. and transportation 
system const ruct ion.  These t imi ng pro­
jecti ons are fel t  to be near the mini mums 
under i mproved busi ness and regulatory 
cond i tions: even in an emergency. devel­
opment could be accelerated by only a few 
years because of the unal terable physical 
obs tacles. 

® Economic analyses indicate that it will 
be attractive for industry to develop 
U. S. Arctic oil and gas if sujfi.ciently 
large resources are found to support 
the costly development, production. 
and/. transportation systems that are 
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required to operate in the region. Oil 
and gas operations in t he host i le envi ron­
ment of the remote Arct ic  regi ons will be 
much more costly than those experienced 
in other cli mates. A sign i ficant cost 
associated with developi ng large resou rce 
vol umes will be t he major new transporta­
tion systems. ei ther mari ne or pipeli ne. 
req uired to move the oil  and gas to the 
market .  Based on the assu mpt ions used 
i n  these analyses. i t  appears that 1 8  to 2 1  
bil l ion barrels of the 24 bi ll ion barrels of 
potentially recoverable undiscovered oil 
will be economically recoverable. Of the 
1 09 t ril l ion cubic feet  (TC F) of potent ially 
recoverable natu ral gas and natu ral gas 
l iquids. 68 TC F is non-associated and 4 1  
TCF is associated. i .e . .  produced wi th oil  
from the same reservoi r. Under the 
assumptions used i n  t hese analyses. 1 0  
TCF of non-associated gas will be eco­
nomically recoverable. At a 1 0 percent rate 
of retu rn cri terion. more than 22 bil l ion 
barrels of oil  and oil-equivalent gas are 
est i mated to be economic. Certai n  key 
assumptions made and bases established 
in these economic analyses must be kept 
in mind in i nterpreting the economic 
find i ngs since they have significant ef­
fects on the analyses and could yield low­
side estimates. In this  study. the more 
complex economics of associated gas were 
not evaluated. nor were the economics of 
the i ncremental use of the Trans-Alaska 
Pipel ine System or the proposed Alaska 
Natural Gas Transportation System con­
sidered. The volume of economically recov­
erable gas would li kely i ncrease substan­
t ially if  exist ing or planned product ion 
and/or t ransportati on systems are i n  
place and avai lable a t  t h e  t i me of develop­
ment. si nce the analyses assume grass 
roots i nvestments are req u i red for all oil  
and gas production and t ransportat ion.  

Some i nd i vid ual companies. ut i l iz ing 
their own i nternal assumptions and 
assessments. have considerably more op­
timistic estimates of economically recover­
able gas. An optional portion of the NPC 
resource assessment survey requested 
participant estimates of the economically 
attainable resources. Lim i ted responses 
suggest that 1 4  billion barrels of oil .  34 
TCF of non-associated gas. and 20 TCF of 
associated gas. or a total of 24 bill ion 
barrels of oil and oil-equivalent gas. would 

be economically recoverable. Th is  total is  
very similar to that obtai ned by the 
detailed analyses in this  report. 

• Pre-exploratory resource assessment 
or economic analysis, while USfljid, 
should not be given undue weight in the 
decision to open a basin for leasing. 
U n t i l  a c o n s i d e ra b l e  a m o u n t  o f  
exploratory drill i ng i s  conducted i n  each 
and every basi n ,  any assessment of 
potent ial resou rces o r  economi cally 
recoverable resources and whether the 
resources will be o i l  and/or gas m ust be 
taken as a prel imi nary esti mate. 

8 Several promising sedimentary basiii1S 
extend across international boundaries 
both to the east and to the west The 
boundary wi t h  the Soviet Union i s  defi ned 
by the Convention of 1 867: no agreement 
ex is ts  as to t h e  con t i nental shelf  
boundary wi th Canada No promising 
areas were ident i fied beyond the seabed 
a n d  s u b so i l  u n d e r  t h e  reso u rc e  
jurisd iction o f  t h e  Uni ted S tates a s  they 
are defi ned by the Draft Convention on 
the Law of the Sea. 

• Year-round oil and liquefied natural 
gas tanker operations to ports south of 
the Bering Strait are feasible and 
practical. I n  severe ice areas north of the 
Beri ng Strait .  year-round tanker opera­
t ions can probably be established. but the 
abi l i ty to mai n tai n a con t i nuous u n i n ter­
rupted schedule is uncertai n .  Signi ficant 
i n terrupt ions of  tanker arrivals would 
require add i t ional faci l i t ies if cont i nuous 
production from a field is to be mai n tai ned. 
The cost of these faci l i t ies or the loss of 
revenues result i ng from production cut­
backs would reduce the amoun t of 
economically recoverable oil  and gas i n  
margi nal areas. 

• Man.y ben.fdits can accrue to Alaskans 
from the oil industry's activities in their 
state. Some of the i ncome from lease 
sales. royalties. and taxes will provide 
add i t ional support for government pro­
grams. I ndustry operations have provided 
employment .  a source for emergency 
medical aid. and communications. I ndus­
try personnel and equipment have been 
used for rescue operations. and company 
personnel are usually act ive in thei r local 
commun i ties. 



® Native interests exert an important 
influence over oil and gas development 
in. the Arctic. Th rough their native­
owned corporations. Alaskan natives 
control more than 40 million acres of land 
throughout Alaska that they wish to see 
developed i n  a manner that will meet thei r 
social and fi nancial goals. Subsistence 
act ivi t ies. particularly h u n t i ng and fish­
ing. are of vi tal i mportance in preservi ng 
their cultural heri tage and i n tegri ty. The 
oil and gas i ndustry m ust be responsive to 
these i n terests. 

• lmpacts fmm oil and gas dl.eveRopm.ent 
on the lifestyle of the Alaskan native 
population can be anticipated/., man­
aged, and made ben�dal by improve­
ments in communication among all 
parties involved. and by carejid long­
tell"m joint planning. I t  is i n  bot h  the 
communi ties' and i ndustry's best interests 
to develop good practical plann i ng capa­
bili t ies in order to prepare for fu ture 
petroleum developments. Such planning 
is necessary to help allevi ate c i t izen 
concern about thei r l i festyle and l ivel i­
hood and to maxim ize opport uni t ies for 
these ci t izens resul t i ng from the devel­
opment act ivi t ies while avoiding adverse 
i mpacts. 

• The Arctic environment is important 
and sensitive, but impacts from the 
development of oil and gas resources 
can be minimized or avoided. The 
ecology in this  regi on. both onsh ore and 
offshore. is important .  Al though accel­
erated act ivi t ies in u ndeveloped areas will 
require an extension of exist i ng informa­
tion and technology. no problems are 
perceived that are beyond the demon­
strated capabil i ty of the i nd ustry to solve. 
Pruden t  designs and methods of opera­
tion will allow oil and gas development to 
co-exist with commercial fisheries. recre­
at ional activi t ies. and subsistence needs 
that are dependent on biological resources. 

• A complicated regulatory system cre­
ated by federal, state, and local 
governments to control oil and. gas 
activities has delayed and added. to the 
cost of Arctic oil and. gas development 
Th is system is made more complex by 
overlapping j urisdict i ons. by l i m i ted coor­
dination between agencies. and by t he 

lack of a clear federal pol icy regard i ng 
Arctic development. There appears to be 
unani mous agreement by all affected 
part ies t hat t h i s  regulatory system needs 
to be redesigned. 

Recommendations 

To assist the nat ion i n  real iz ing the oil  
and gas potential of the U.S. Arctic. the 
federal govern ment should implement and 
mai ntai n a clear. comprehensive pol icy for 
Arctic oil  and gas development. Th i s  policy 
should be responsive to the national need 
for domestic resources. consistent wi th  
nat ional energy pol icies. Expedi ted develop­
ment of oil  and gas resou rces and mult iple 
use of Arctic lands. both o nshore and 
offshore. should be an i ntegral part of this 
policy. consistent  wi th  local needs and 
concerns. State and local governments 
sh ould be encouraged to support th is  policy. 
Accord i ngly. the Council makes the follow­
ing specific recom mendations: 

� A stable lease schedule offerin.gfed.eral 
Arctic lands for private exploration. 
and development should be estab­
lished, with all areas both onshore and 
offshore having oil and gas potential 
included in the schedule. Areas wi th the 
greatest potent ial should be scheduled for 
early leasi ng. Scheduled lease sales need 
not be delayed u n t i l  comprehensive 
i n formation on physical and biological 
envi ron mental cond i t ions is available. or 
unt i l specific si te i n formation is available: 
such information can be developed well i n  
advance o f  any sign i ficant onsi te work. 
Adeq uate provisions exist  under present  
law to allow wi th hold i ngs of tracts wi th 
potentially signi ficant envi ronmental 
problems unt il m i t igat i ng measures are 
developed. 

• The leasing system should be made 
responsive to the unique conditions 
encountered in the development of oil 
and gas in. the U. S. Arctic. Each lease 
sale should i nclude a sufficient amount of 
acreage to j usti fy necessary operati ng 
systems. Acreage offered for the fi rst  sale 
i n  a frontier area should cover all major 
explorat ion prospect features in the ent ire 
basin or area of i nterest so as to expedi te 
the evaluation of prospect i ve areas. The 
pri mary lease term for Outer Conti nental 
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Shelf leases should be at least 1 0  years 
because remote operati ng areas com­
b ined with hostile cli mate require lengthy 
lead t ime preparations. An automatic 
"suspension of p roduction" provision 
should become a part of  leasing policy so 
that marginal discovered resources can be 
retained by the lease owner until eco­
nomic transportation can be justified. 

• A comprehensive exploratory drilling 
effort extending to all areas thought to 
have undiscovered resources should 
be undertaken by ind.liAStry to dfdine the 
true oil and gas potential of the U. S. 
Arctic. Several resource assessments of 
the type prepared for this report have been 
completed by others. Addi t ional similar 
analyses will not enhance real knowledge 
of the region's resources unti l  the 
promisi ng areas have been leased and 
tested by drill ing, and i mportant new data 
have been obtai ned. 

• A specific existing agency should be 
designated the responsibility for expe­
diting permitting actions in the Arctic. 
A common procedure should be estab­
l ished to ensure that both i ts own permi ts 
and those of other i nvolved agencies are 
expedi ted. The most i mportant way to 
accelerate and improve efficiency is to 
streamli ne and simpl ify t he laws and 
regulatory processes relati ng to leasing 
and permitting. Overlapping responsi­
bili ties of regulatory agencies should be 
eli mi nated. Such changes would allow 
government to be more pragmatic in i ts 
decision maki ng. Statu tes and proce­
dures that unnecessarily delay operations 
or are not applicable to the Arctic should 
be modified or eli mi nated. Deadli nes 
should be set for procedural requ i rements 
and for approvals. Such i ni t iat ives should 
be ai med at exped i t i ng energy develop­
ment while fully responding to substantive 
environmental and socio-economic needs. 

• Government agencies with legislated 
responsibilities for conducting opera­
tions in. support of exploration., produc­
tion, and transportation activities in 
the Arctic should be organized and 
staffed to meet in a timely manner 
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those responsibilities. Some of these 
responsibi l i t ies i nclude search and res­
cue. oil spill surveillance. weather and ice 
forecasting. structu re accredi tation, vessel 
i nspect ion. preparation of environmental 
impact statements, and surface and ai r 
navigational aids. 

8 Continued private and public Arctic 
research is important to the national 
interest and should be encouraged and 
supported where necessary. Research 
and developmen t  in Arctic technology for 
operat ions in host ile envi ronments will 
lead to evolut ionary i mprovements i n  
operat i ng systems. Efforts t o  enhance 
knowledge of ice cond i t ions, ice properties. 
and ice forces should be stressed. Biolog­
ical research and moni tori ng should be 
continued. Federally funded research 
programs should focus on collection and 
characterization of fundamental data and 
test ing programs of broad issue. Ti mely 
and rapid dissemination of information 
obtai ned by govern ment agencies should 
be req uired.  

8 The federal and state governments 
should provide necessary assistance 
to local communities and governments 
in understanding and planning for the 
community development that will evolve 
with oil and gas development Partic­
ular at tent ion sh ould be given to deter­
mining t he mos t efficient means of 
fund ing comprehensive and con t i nuous 
planning effort s. 

• Sources offtm.ding should be identified 
for government and community pro­
grams and activities related to devel­
opment of oil and gas in the U. S. Arctic. 
Bot h lease sales and production royal ties 
provide substa nt ial sou rces of fu nds 
direct ly a t t ributable to oil and gas 
i ndus t ry  act ivi t ies. A port ion of these 
direct revenues could be used to ensure 
t ha t  appropriate governmental support is 
p rovided. Stabili ty of fu nd i ng is required 
for e llt'ct ive execut ion of t hese programs. 

More det a i led fi nd i ngs and recommen­
dat ions can be found in t he chapters of t h is 
report . 



Summary 
History 

Arctic oil  and gas exploration began i n  
Alaska wi th the U.S. Geological Survey's 
( USGS ) su rface work i n  1 90 1 .  In 1 904. oil  
seeps were found on what is  now the 
National Petroleum Reserve-Alaska ( NPRA).  
This 23.6-mill ion-acre area was designated 
the Naval Pet roleum Reserve Number 4 
( NPR-4 ) by Executive Order i n  1 923. and 
some geological mapping occurred shortly 
thereafter. From 1 944 unt i l  1 953. the Navy. 
i n  conj u n c t i o n  wi th civi l ian dri l l i ng 
co n t ractors .  cond u c ted an ex t e n s i ve 
geological mapping and exploratory drilli ng 
p ro g ra m  o n  t h e  N P R - 4 .  Re n e w e d  
government exploration i n  the NPRA was 
undertaken i n  the 1 970s. Commercial 
quantit ies of oi l  and gas were not found. 

Duri ng 1 949 and 1 950. in an effort to 
develop a natural gas fuel supply for the 
Navy's Barrow Camp. several test wells were 
dri lled in the vic inity. These South Barrow 
wells were the fi rst development wells drilled 
and completed in the U.S. Arctic. They 
furnished proof that hydrocarbons could be 
produced i n  the Arctic region. 

I n  1 968. the Prudhoe Bay oil  field was 
discovered east of the N PRA. After this field 
was d iscovered. two al ternate transporta­
t ion op t ions were considered : tanker 
movement through the Northwest Passage. 
and pipel ining across Alaska to an ice-free 
port. The pipeli ne option was chosen on the 
basis of reliabil i ty, and pi pe was ordered. 
The design called for a 48-inch-diameter l ine 
wi th a potential capaci ty of 2 mil l ion barrels 
per day. in i t ially equipped to deliver 1 .2 

mill ion barrels per day across an 800-mile 
route from Prud hoe Bay to an ice-free 
termi nal i n  Valdez. Alaska. 

O p p o s i t i o n  to t h e  p i pe l i n e  by 
envi ronmental i sts and d isputes over land 
ownership led to a series of legislative. 
envi ronmental. and j ud icial heari ngs that 
delayed the start of  construction for five 
years. Construction of  the Trans-Alaska 
Pipel ine System (TAPS ) began i n April 1 974. 
and the p ipel i ne was completed and went 
i nto service i n  mid- 1 977. Upon completion 
of TAPS. the field was placed on conti nuous 
production. 

Duri ng the early 1 970s an extensive 
research and development program was 
carried out by i ndustry to solve the many 
problems associated wi th oi l  operations i n  
the Arctic. The success o f  these p rograms is 
attested to by the fact that some 350 wells 
have been completed. and oil  is bei ng 
produced and transported at a rate of 1 .5 
m i l l i o n  barrels p e r  day.  A to tal  o f  
approx i mately 2 bil l ion barrels of oi l  have 
been moved to market as of  the end of 1 98 1 .  
A second. smaller field. Kuparuk, �s now 
bei ng developed. and production is expected 
to commence i n  1 982.  

Development of the Prudhoe Bay field 
and construction of TAPS and the Valdez 
termi nal were conducted under the most 
rigorous design and q uali ty control specifi­
cations ever i m posed upon onshore petro­
leum operations. Successful operation of 
this system has been ach ieved and i t  
represents a model for future land pipeli nes 
and termi nals. 
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Resources 
An eval uation of the potential oil and 

gas resources i n  the sedi mentary basi ns of 
t he U.S. Arctic was made based on a review of 
published i nformation. USGS data. and a 
survey of the study participants. I t  was 
establi shed that as of August 1 980. 1 6.5 
bil l ion barrels of recoverable oil and oil ­
equivalent gas had been discovered on the 
Nort h Slope of Alaska. Of this total. 1 0.2  
bill ion barrels are oil  and 35.4 tril l ion cubic 
feet (TCF) are gas. An addi t ional 44 bil l ion 
barrels of und iscovered recoverable oil  and 
oil-eq uivalent gas resources are expected to 
be present i n  the Arctic. Of these total 
undiscovered resources. i t  was est i mated 
that 24 bill ion barrels will occur as oil .  and 
the remai nder will consist of 1 09 TCF of gas 
and natural gas l iquids. Of this gas total. 68 
TCF are expected to occur as non-associated 
gas and 4 1  TCF should be associated wi th oil 
production. 

Although there are at least 1 0  highly 
prospective areas. the largest resources are 
est i mated to occur i n  the Beaufort Shelf and 
the Navari n Basin Shel f.  I t  was also con­
cluded that there is a 1 percent chance that 
the total q uant i ty of undiscovered recover­
able oil  and o il-equivalent gas could exceed 
99 bi ll ion barrels. and a 99 percent  chance 
that i t  could exceed 1 3  bil l ion barrels. These 
undiscovered resources may const i t u te as 
much as 40 percent  of the total und iscov­
ered recoverable oil  and gas resources 
remai ning wi thi n  U.S. j uri sdiction.  

Basins appeari ng to have a low potential 
should not be ignored. Add i tional basic 
geological information could cause signif­
icant revisions. ei ther upward or downward. 
in the esti mates. Confi rmation of these 
esti mates can be ach ieved only by extensive 
leasi ng and exploratory drill i ng. 

Technology 

Large-scale Alaskan North Slope opera­
t ions and extensive experience i n  the Cook 
Inlet. the Canadian Arctic. and the North Sea 
have demonstrated that. with an economic 
i ncentive. the petroleum i nd ustry can rap­
idly develop sufficient technology to safely 
conduct exploration, design and operate 
production facil i ties. and provide transpor­
tation i n  cold. remote. and ice-covered 
regions. both onshore and offshore. The 
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fundamental techniques of exploration. 
prod uction. and transportation in Arctic 
regions are not signi ficantly d i fferent than 
those used elsewhere. The novel problem is 
the design and operation of systems that 
can cope wi th  severe sea ice. Conti n u i ng 
research.  development. and engi neeri ng 
programs will provide basic i n formation 
and technology for successful si te-specific 
designs. Tech nological advances that have 
the greatest economic potential relate to 
i mprovi ng the abi l i ty to operate exploration. 
dril l i ng. production. and transportation 
systems efficiently duri ng all seasons. Thi s  
requires cop i ng with low temperatures. poor 
visibi l i ty. storm waves in the Bering Sea. and 
particularly. the extreme sea ice condi tions 
in the C hukchi and Beaufort Seas. 

Exploration tech nology in the Arctic 
requi res that the usual geological tech­
niques be modified to accom modate weath­
er and specific envi ron mental concerns. but  
no unique met hods are needed or employed. 
The same is  true for geophysical work. 
al though seasonal considerations more gen­
erally con trol the use of heavy geophysical 
eq uipme n t  on the tundra and affect the 
accessibil i ty of offshore areas contai n i ng 
sea ice. The d ri ll i ng of an exploratory well i n  
the Arctic di ffers from d ri l l ing i n  other 
cli mates i n  that special techniques have 
been developed for d ri ll i ng safely i n  perma­
frost areas. Offshore drill i ng si tes must be 
located in areas free of sea ice or must have a 
platform or island as a d ri l l ing base able to 
wi thstand the movi ng pack ice. Remote 
locati ons make logist ical support of opera­
t i ons very di fficult .  These considerat ions 
lead to substantially higher costs than those 
encountered i n  less hostile regions. Most of 
the fu ture geological and geophysical tech­
nology that will i mprove exploration will not 
be Arctic-specific but will  be applicable in all 
areas. 

Production tech nology for Arctic re­
gions requ i res s imi lar considerations of  
weather and cl i mate. especially i n  the 
design. const ruction. and i nstallation of 
production faci l i t ies u nder adverse cond i ­
tions. I nstallat ions and operations m ust be 
designed for permafrost. both onshore and 
in some offshore locat ions. Offshore struc­
tures for d ri l l i ng. product ion. storage. and 
loadi ng that will successfully resist sea ice 
are a major req u i rement. It should be 



possible to develop safe designs for offshore 
production islands or platforms wi t h i n  the 
t ime period req ui red to lease. explore. and 
deli neate a major oil or gas fi nd. 

Add i tional i n formation on sea ice and 
i ts associated problems i s  bei ng obtai ned 
th rough research programs. These research 
programs should be con ti nued. as they are 
needed to complete novel designs and will 
lead to more cost -efficient operations. 
Modular const ruction i n  temperate cl i mates 
wi th transportation of large mod ules to the 
si te is a proven method of red uci ng 
construction costs. 

Transportation tech nology for oil i n  
Arct ic  regions has bee n success fully 
developed fo r o n s h o re p i pel i nes .  as 
d e m o n s t r a t e d  by T A P S . M a r i n e  
transportation has not reached the same 
level of development. Appropriate tankers 
and icebreakers can be designed to p rovide 
year-round rel iable operations to ports 
south of the Bering Strai t handli ng ei ther 
crude oil  or l iquefied natural gas ( LNG).  
Marine vessel operations north of the Beri ng 
Strai t appear less rel iable. and there is a 
need for more icebreaker experience i n  this 
area before tankers are considered an 
attractive transportation system. Mari ne 
pipel i ne operations in the Arctic should be 
similar to operations in the North Sea and 
Cook I nlet. but will be more difficult and 
demand i ng because weather and logist ics 
are more severe. As in the case of exploration 
and production. extended knowledge of the 
characteristics. condi t ions. and dynamics of 
sea ice is needed to opti mize and ensure 
rel iabil i ty i n  Arctic marine operations. 

Economics 
Limited economic evaluations of the 

Arctic oil and gas resources were made 
based on assessments of potential resources, 
costs, and schedules for operations devel­
oped i n  this study. These evaluations 
demonstrate that large reserves are required 
to support the high cost of oil and gas field 
development and associated transportation 
systems. When transportation systems can 
be shared by producing areas, significantly 
improved economics are obtained. 

The economic resource base was calcu­
lated by combining the reserve evaluations 
with the resource assessments. Esti mates of 

the cap i tal i nvestment req u i red for explora­
tion.  prod uct ion.  and transportat ion faci l ­
i t ies were developed and the sensi t ivi ty of 
t he economics to vari ous factors was 
evaluated. 

I n  evaluat ion of the oi l  resources, the 
economic resource base analysis showed 
that when applyi ng a 1 0  percen t  return as 
an i nvest ment cri terion and delet ing pres­
ently i n feasible areas. the total risked mean 
assessment was reduced from 24 bill ion 
barrels to 2 1  bil l ion barrels. At a 1 5  percent 
return it  was red uced to 1 8  bill ion barrels of 
econom ically recoverable oil .  The analysi s  
i nd icates l i t tle opportu n i ty  for a 20 percent 
rate of ret u rn to be ach ieved. These results 
assu me that grass roots i nvest ments are 
req u i red for all oi l  production and transpor­
tat ion and that no i ncremental use of the 
TAPS l ine would be possible at the time of 
development .  

Evaluat ion of non-associated gas re­
sources showed that when applying a 1 0  
percent  return cri terion the risked mean 
assessment of 68 TCF of potentially recover­
able non-associated gas is reduced to 1 0  
TCF o f  economically recoverable gas. I n  no 
case was a 1 5  percen t  rate of return shown 
to be ach ieved. No evaluation was made of 
the more complex economics pf produci ng 
associated gas. wh ich could i mprove the 
prospects of gas development. Gas transpor­
tat ion from the North Slope was evaluated 
only on the basis of transporti ng LNG by 
tanker from d i fferent ports. No case compa­
rable to the p roposed Alaska Natural Gas 
Transportat ion System ( ANGTS ) was devel­
oped. nor were eval uations of the economics 
of the i ncremental use of the ANGTS l i ne 
developed. Use of th is  system could substan­
tially i ncrease the economi cally recoverable 
gas. 

Al though considerable variation was 
shown i n  the economics for d i fferent areas, 
the uncertai nt ies i n herent i n  est i mati ng all 
facto rs in frontier basi ns, especially the 
undiscovered resource base. suggest that 
none of the prospect ive basi ns should be 
excluded from early leas i ng and exploration. 

Impacts 
While benefi ts of oil  and gas operations 

have been demonst rated. it  is  i nevi table that 
substant ial oi l  and gas development i n  the 
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U.S. Arctic regions will have some i mpact on 
rural Alaskan populat ions and on the 
surroundi ng envi ronment. The experience 
of the petroleum i ndustry in recent years 
demonstrates that such i mpacts can be 
managed i n  a beneficial manner wi th  
minimal adverse effects on the environment.  

The Arctic area con tai ns about 45,000 
inhabi tants located in six regional centers 
and about 60 small villages. This population 
is  distributed over thousands of sq uare 
miles along the northern and northwestern 
coasts of Alaska from the Alaskan/Canadian 
border through the Aleutian Islands. Be­
cause oil and gas development is l i kely to 
occur only at a few specific poi nts. many of 
the native villages will not d i rectly experience 
the impact of development.  I n  the few 
commun i t ies that would be d i rectly affected. 
expansion will occur i n  community struc­
ture. shoreline resources. local labor mar­
kets. and housi ng. Employment and busi­
ness opportuni t ies will evolve that could 
benefi t those who choose to participate. In 
order to max i mize these opportuni t ies and 
minimize any adverse impacts. it is necessary 
to develop adequate long-term planning and 
good industry/ nat ive relationsh i ps. 

Environmental i mpacts can be mini­
mized or avoided i n  the Arctic by operat ing 
practices that have been and cont i nue to be 
developed by the oil and gas i ndustry i n  their 
operations throughout the world. particu­
larly at Prudhoe Bay. the TAPS corridor. the 
Cook I nlet. the North Sea. and the Canadian 
Arctic. The Arctic envi ronment is  both 
fragi le and biologically i m portant: however. 
the risk of significant d isturbance can be 
minimized. Accelerated act ivi t ies i n  new 
geograph ic areas will require an extension 
of exist i ng technology. However. no prob­
lems are perceived that are beyond the 
projected capabil i ty of the i ndust ry. As 
d iscoveries of oil and gas are made. 
addi tional si te-specific data will be developed. 
and research. development. and i n formation 
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gat heri ng will cont inue. Wi th this  i n forma­
tion and a con t inuing commi tment to good 
practices by i ndustry. environmental i m­
pacts should be negligible and oil  and gas 
development can proceed safely and success­
fully i n  the Arct ic. 

Regulation 

Both the leasi ng of prospective areas 
and the perm i t t i ng of operations i n  the 
Arctic are under govern ment control. A 
mult i t ude of stat utes. regulat ions. and 
policies have been developed at federal. state. 
and borough levels. result i ng in an elaborate 
series of regulatory const rai nts that have 
i ncreased costs and delayed all aspects of oil  
and gas development.  A major impedi ment 
to Arctic development would be removed i f  
these policies and procedures were si mpli­
fied and expedi ted. 

The aggressive leasi ng program under­
taken by the State of Alaska has made the 
presen t Prudhoe Bay development possible. 
Most of the rest of the area onshore is u nder 
federal cont rol and has been closed to 
development for many years. A l i m i ted 
program to open a portion of the NPRA is 
under way. but most of the h ighly prospec­
tive North Slope area under federal j u ri sdic­
tion is st i ll unavailable for exploration 
act ivi ty. The offshore leasi ng schedule as of 
July 1 98 1  does not offer some of the most 
promisi ng areas unti l  1 984 or later. Accel­
eration and simpl i fication of leasi ng for 
these areas would allow oi l  and gas develop­
ment to proceed more effect ively. 

The complicated regulatory system that 
has been i mposed on the i nd ustry needs a 
complete redesign wi th the permi tt i ng and 
leasi ng agencies operat ing under a clear 
federal pol icy to exped i te Arct ic  develop­
ment. Revisions in statu tes. regulations. 
and pol icies at all levels of government are 
necessary to accomplish such a simpl ifica­
t ion. Specific recom mendations for such 
revisions are made in th is  report. 



Appendix F 
Acronyms and Abbreviations 

ACEC-areas of critical environmental concern 

API-American Petroleum Institute 

BACT-Best Available Control 
Technology 

BBOE-billion barrels of oil equivalent 

BCT-Best Conventional Pollutant Control 
Technology 

BLM-Bureau of Land Management 

BPT-Best Practicable Control Technology 

CASAC-Clean Air Scientific Advisory Committee 
of EPA's Science Advisory Board 

CO-carbon monoxide 

CO 2-carbon dioxide 

CZM-Coastal Zone Management 

CZMA-Coastal Zone Management Act 

DOE-Department of Energy 

DWT -deadweight ton 

El8-environmental impact statement 

EPA-Environmental Protection Agency 

FLPMA-Federal Land Policy and Management 
Act 

GAO-General Accounting Office 

GNP-Gross National Product 

GRT -gross registered ton 

IMCO-Intergovernmental Mart time 
Consultative Organization 

LAER-Lowest Achievable Emission Rate 

MARPOL 1 973-International Convention for 
Prevention of Pollution from Ships. 1 973 

MARPOL 1 978-Tanker Safety and Pollution 
Prevention Convention, 1 978 

MB /D-thousand barrels per day 

MMB /D-million barrels per day 

NAAQS-National Ambient Air Quality 
Standards 

NEPA-National Environmental Policy Act 

NPDES-National Pollutant Discharge 
Elimination System 

NOAA-National Oceanic and Atmospheric 
Administration 

NOx-ni trogen oxides 

NPC-National Petroleum Council 

NPRA-National Petroleum Reserve-Alaska 

NPR-4-Naval Petroleum Reserve Number 4 

NRC-National Research Council 

NSCP-National Spill Contingency Plan 

NSPS-New Source Performance Standards 

NTL-6-Notice of Lessees and Operator No. 6 
Approval of Operations 

NWPS-National Wilderness Preservation 
System 

OCS-Outer Continental Shelf 

OCSLAA-Outer Continental Shelf Lands Act 
Amendments of 1 978 

POTW-publicly owned treatment works 

ppm-parts per million 

ppmv-parts per million volume 

PSD-Prevention of Significant Deterioration 

RARE-Roadless Area Review and Evaluation 
program 

RCRA-Resource Conservation and Recovery 
Act 

SIP-State Implementation Plan 

SO 2 -sulfur dioxide 

SO z-sulfur oxides 

SOLAS-International Convention for Safety of 
Life at Sea 

Superl'wu!I.-Comprehensive Environmental 
Response, Compensation and 
Liability Act 

TAPS-Trans-Alaska Pipeline System 

TCF-trillion cubic feet 

TSP-total suspended particulates 

VIC-underground injection control 

USGS-U.S. Geological Survey 

VOC-volatile organic compounds 
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